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(54) CDMA DEMODULATION CIRCUIT AND DEMODULATING METHOD 

(57) A CD MA demodulation circuit which can reduce 
interference wave components from another user in the 
cell and can follow up high-speed fading. The frequency 
band of the received inputted spread-spectrum signals 
are compressed back by means of an orthogonalizing 
filter (103). The filter (103) successively gives a delay of 
1/m of the chip period of the spread codes to the inputted 
spread-spectrum signals and outputs compressed-back 
signals by multiplying the inputted spread-spectrum sig- 
nals by a tap factor and summing up the multiplied 
results. An absolute phase estimating and phase error 
compensating section ( 1 07) compares the pilot symbols 
in the compressed-back signals with the pilot symbols of 
a known pattern and finds the phase shifts of the 
received pilot symbols The section (107) compensates 
the phase of each information symbol by interpolating 
the phase shifts in the respective information symbols. 
An identifying and judging section (108) identifies the 
phase-compensated information symbols. A tap factor 
control section (110) calculates the tap factor so that the 
mean square error of the errors of signals before and 
after the identification may be the minimum and fesds 
back the calculated tap factor to the filler (103). 
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Description 

TECHNICAL FIELD 

The present invention relates to a wireless receiver 
used in digital mobile communications, and more partic- 
ularly to a CDMA (Code Division Multiple Access) 
demodulator and demodulation method preferably 

employed in a spread spectrum CDMA receiver. 

BACKGROUND ART 

In a spread spectrum CDMA wireless system, a 

transmitter carries out a normal modulation of a trans- 
mitted signal followed by a second modulation using a 
spreading code, and sends out the wideband spread sig- 
nal, A receiver, on the other hand, receiving a signal 
including a number of wideband spread signals, recovers 
a desired signal by converting one of the wideband sig- 
nals into a narrowband signal through a process called 
despreading, and by carrying out a normal demodulation 
of the narrowband signal. The despreading process 
selectively produces only a desired received signal by 
detecting and utilizing a correlation between a spreading 
code in the received signal and the spreading code gen- 
erated in the receiver. As a typical device tor detesting 
the correlaion, matched filters are well known. If no 
cross-correlations are present among the spreading 
codes, the matched filters will produce only autocorrela- 
tion of the desired signal. In general, however, since 
some cross-correlations are present among the spread- 
ing codes, the cross-correlation components are inevita- 
bly introduced into the despread output. 

Besides, a signal of an intended channel can have 
cross-correlations between signals arriving through mul- 
tiple transmis6.cn paths. Fig. 1 illustrates correlations in 
the case of three paths. The correlation of the first path 
signal is detected with a matched filter using a spreading 
code as tap coefficients. Since a second path signal and 
a third path signal differ in timing from the first path signal 
in this correlation detection, they are considered to have 
been despread with different spreading codes As a 
result, the first signal will suffer interference caused by 
the cross-correlation between the first path signal and 
the second and third path signals. Incidentally, D(n) des- 
ignates an n-th symbol in Fig. 1 . 

A method for minimizing such cross-correlations is 
disclosed in ^Bhida, et al. "DS/CDMA adaptive interfer- 
ence canceller suitable tor mobile communication envi- 
ronment - , Technical report of the Institute of Electronics, 
information and Communication Engineers of Japan, 93- 
76 (1993-11). 

Fig. 2 shows a configyration tor Implementing the 
method. An orthogonal filter 3 has a tap length of a sev- 
eral symbol interval, and operates at a rate of m times 
the chip rate of the spreading code, where m is a positive 
integer. The orthogonal filter 3 is provided with a spread 
signal at an input terminal 1, extracts a signal for this sta- 
tion by despreading, and supplies it to a differential 



detector 7 as a narrowband dsspread signal. The output 
of the differential detector 7 is supplied to a decision 
block 1 1 , so that decision data are produced from an out- 
put terminal 2 as a decoded output. The decision data 

« are also fed to art error vector calculator 1 2 which calcu- 
lates the differences between the decision data and the 
output of the differentia! detector 7. The differences are 
fed to a tap coefficient controller 14 after they are con- 
verted into linear values by an error vector/linear quantity 

to converter 13. The tap coefficient controller 1 4 adaptive ly 
calculates tap coeff -dents that are orthogonal to the 
spreading codes of all the other stations, and feeds them 
back to the orthogonal filter 3. The adaptive control of 
the tap coefficient is carried out at a symbol interval, and 

is the demodulation output is also obtained at the symbol 
interval. Thus, the interference components from the 
other stations are eliminated, and only the intended 
received signal is extracted. 

i ne acapive control or tne onnogonai titer o, ncw- 

20 ever, cannot follow test fluctuations in the transmission 
path due to Rayleigh fading when it is applied to mobile 
communications in a Rayleigh fading environment. Tak- 
ing account of this, the system employs the differential 
detector 7 to separate the cross-correlation canceling 

25 function from the fading tracking function of the orthog- 
onal filter 3, thereby improving the tracWng characteristic 
for the fading. Accordingly, the configuration of Fig. 2 can 
trrpement a aemocuiator capaote oriracKing tasi taaing, 
and the demodulation characteristics depend on the 

so characteristics of the delay detection. 

In the delay detection, however, a bit error at the 
receiver side causes a two-bit error of the original signal, 
because ths information signal Is transmitted after it 
undergoes differential encoding at the transmitter side. 

ss As a result, the error rate characteristic of the delay 
detection is inferior to that of the absolute coherent 
detection by 3 dB. Since the CDMA considers the 
received signal from other stations as random noise, the 
capacity in terms of the number of subscribers of the sys- 

40 tern will reduce with an increase in the transmit power of 
the other stations, In other words, the capacity in terms 
of the number of subscribers can be increased by an 
amount corresponding to the reduction in the transmit 
power of the other stations by utilizing a demodulation 

48 method with a high received Eb/No {energy per bi to 
noise spectral density). Thus, the absolute coherent 
detection enables the system to increase the capacity in 
terms of the number of subscribers as compared with 
the system employing the delay detection. 

so In the digital mobile communications, however, fast 
estimation of the transfer functions of the propagation 
paths is r ecu red to obtain at the receiving side the abso- 
lute phase of the transmitting carrier necessary for the 
coherent detection because the transfer (unctions of the 

ss propagation paths have great temporal fluctuations with 
the movement of the transceiver of the mobile station. 

An interpolation coherent detection method is 
known which carries out coherent detect on by fast esti- 
mating the transfer functions of the propagation paths. 
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For example, it is disclosed in S. Sampti, "Facing Dis- 
tortion Compensation Method for 1 6 QAM in Land Com- 
munications', the Transaction of the Institute of 
Electronics, Information and Commurk cation Engineers 

of Japan, B-ll Vol, J72-B-II pp. 7-1 5, January, '989, or in s 
its revised version, S. Sarrpei et at., "Rayleigh Fading 

Compensation for QAM in Land Mobile Radio Commu- 
nications", IEEE Transactions on Vehicular Technology, 
VOL. 41, No,2, May, 1993. 

Fig. 3 shows an example of a signal format used in w 
such an interpolation coherent detection. A transmitter 
sends pilot signals P periodically inserted between infor- 
mation signals 0. The plot signals P consist of one or 
more symbols whose patterns are known both to the 
transmitter side and the receiver side ft pilot signal P is 
and an adjacent information signal D constitute one 
frame. 

Fig. 4 shows a conventional receiver. Radio waves 
received by an antenna 21 are band limited by a BPF 

(BandPass Filter) 22 to such an extern that an intended x 
received signal suffer no distortion. The Band sup- 
pressed received signal is corrected to a normal level sig - 
nal by an AGC (Automatic Gain Control) circuit 23, and 
the offset frequency between the carrier and a local oscil- 
lator is coarsely reduced by an AFC (Automatic Re- 25 
owency Controller) 24 The BPF 22 is provided for 
ensuring the normal operation of the AGC 23 and the 
AFC 24. 

Subsequently, the received signal undergoes quasi- 
coherent quadrature detection by a quasi-coherent so 
quadrature detector 25 using a local signal from a local 
oscillator 26. which has the same frequency as the car- 
rier of the received signal. By this, the wideband signal 
is converted into a narrowband despread signal. The out- 
put of the quasi-coherent quadrature detector 25 is sup- ss 
plied to an interpolation compensator 29 through an LPF 
{Low Pass Filter) 27 end an A/0 converter 28. The LPF 
27 is provided tor suppressing noise from external bands 
and interference from adjacent channels. The interpola- 
tion compensator 29 estimates for each i nformation sym- w 
hat a transfer function bv an interoolation method usina 
the oilof sionais and comoensates individual information 
symbols using the estimated transfer functions. The 
compensated signal undergoes decision by a decision 
block 30 Thus compensating each information symbol <s 
with the estimated transfer function enables the absolute 
phase detection As a typical interpolation method, a 
first-order interpolation using two pilot signals, or a sec- 
ond-order interpolation using three pilot signals Is gen- 
erally used. so 

When the received signal includes noise, more 
accurate estimation of the transfer functions could be 
achieved with an increase in the number of symbols per 
pilot signal, thereby reducing the estimation error of the 
transfer functions. Estimation of the transfer function off s$ 
each information symbol can be carried out by applying 
the first -order or second-order Gaussian interpolation to 
one rangier lunciions estimatea trom tno pilot signals. 



In the conventional system described above, the 

transfer function of each information symbol can be esti- 
mated by a simple first-order interpolation when the fluc- 
tuations of the transfer functions of the propagation paths 
are much slower than the insertion period of the pilot sig- 
nals. However, as the fluctuations of the transfer func- 
tions grow taster, the interpolation error increases, and 
hence, the insertion period of the pilot signal must be 
shortened, The reduction of the insertion period, how- 
ever, increases the number of symbols per pilot signal, 
and th 6 will reduce the transmission efficiency. On the 
other hand, to shorten the insertion period while keeping 
the tiansmission efficiency constant, the number of sym- 
bols per pilot signal must be reduced, and this will 
increase the eslmation error of the transfer functions. 

Thus, the conventional interpolation coherent datec- 
lion nas a s nonage in mat tne transmission efficiency is 
reduced to cope with the fast changes in the transfer 
functions of the propagation paths. Furthermore, it can- 
not satisfactorily reduce the interference from other 
users in the same cell. 

DISCLOSURE OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide a CDMA demodulator and demodulation method 
which can employ absolute coherent detection as a 
demodulation method, and can follow fast fading and 
reduce the interference from other users in the same cell . 

in a first aspect of the present invention, there is pro- 
vided a CDMA (Code Division Multiple Access) demod- 
ulator used in a CDMA transmission which performs 
multiple access transmission by spreading a signal, 
which includes a frame consisting of a pilot signal of a 
known pattern and an information signal, into a wideband 
signal using a spreading code faster than each informa- 
tion symbol in the information signal, thereby generating 
a spread signal, the CDMA demodulator, which demod- 
ulates the spread signal by using the spreading code, 
comprising; 

an orthogonal filter including a plurality of delay 
elements, a plurality ot multipliers and an adder, the 
delay elements providing the spread signal with succes- 
sive delays each of an amount of 1/m of a chip interval 
of the spreading code, where m is a positive integer, the 
multipliers multiplying the spread signal and succes- 
sively delayed spread signals by tap coefficients 
obtained on the basis of the spreading code, and the 
adder summing up outputs of the multipliers, the orthog- 
onal filter desoreadino the screed sional to Generate a 
despread signal; 

absolute phase estimating means tor estimating 
received phases of a received pilot signal by comparing 
the received pilot signal included in the despread signal 
with the pilot signal of a known pattern, and for estimating 
a received phase of each information symbol in the infor- 
mation signal by interpolating the received phases of the 
received pilot signal; 

phase error compensation means tor compensat- 
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ing received phase errors of the received pilot signal on 
the basis of estimated received phases of the received 

pilot signal, sneJ for compensating a phase error of each 
the information symbol on the basis of an estimated 
received phase of the information symbol; 

decision means for deciding the pilot signal 
whose phase has been compensated, and tor deciding 

the information symbol whose phasa has been compen- 
sated; and 

tap coefficient control means tor calculating the 

tap coefficients which will minimize a mean square error 
of differences between an output of the phase error com- 
pensation means and an output of the decision means, 
and for feeding the tip coefficients to the orthogonal fil- 
ter. 

The tap coefficient control means may calculate the 

tap coefficients that will minimize the mean square error 
for each symbol in the pilot signal, and may calculate the 
tap coefficients that will minimize the mean square error 
for each symbol in the information signal. 

The tap coefficient control means may calculate the 
lap coefficients that will minimize the mean square error 
for each the pilot signal, 

The tap coefficient control means may calculate the 
tap coefficients that will minimize the mean square error 
for each the pilot signal, and may calculate the tap coef- 
ficients that will minimize the mean square error tor each 
symbol in the information signal. 

In a second aspect of the present invention, there is 
provided a CDMA {Code Division Multiple Access) 
demodulator of a receiver of a mobile station used in a 
CDMA transmission system whose forward link channels 
from a base station to mobile stations include at least 
one pilot channel and multiple traffic channels, the plot 
channel transmitting only a pilot signal of a known pat- 
tern, and the traffic channels transmitting information sig- 
nals, the CDMA transmission system spreading the pilot 
signal and the information signals into wideband signals 
by using spreading codes faster than a transmission rate 
of the pilot signal and the information signals, thereby 
generating spread signals to perform communications 
between trie base station and the mobile stations in a 
multiple access transmission, the CDMA demodulator 
comprising; 

a pilot channel demodulating portion for demod- 
ulating the pilot channel; and 

a traffic channel demodulating portion provided 

for each the traffic channel for demodulating the traffic 
channel, 

wherein the pilot channel demodulating portion 
cornprisesi 

a pilot channel orthogonal flter including a plural- 
ity of delay elements, a plurality of multipliers and an 
adder, the delay elements prove ing the spread signal of 
the pilot channel with successive delays each of an 
amount of 1/m of a chip interval of the spreading codes, 
where m is a positive integer, the mufti piers multiplying 
the spread signal and successively delayed spread sig- 
nals of the pilot channel by tap coefficients of the pilot 



channel obtained on the basis of the spreading code of 
the pilot channel, and the adder summing up outputs of 
the multipliers, the pilot channel orthogonal filter 
despreading the spread signal of the pilot channel to 

s generate a despread signal of the pilot channel; 

phase error estimating/averaging means for esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the despread 
signal of the pilot channel by comparing the received pilot 

io signal with the pilot signal of a known pattern of the pilot 
channel, and tor obtaining phase differences between 
the received pilot symbols and an average signal 
obtained by averaging the received phases of the 
received pilot symbols; and 

is pilot channel tap coefficient control means for cal- 

culating the tap coefficients of the pilot channel, which 
will minimize a mean square error of the phase differ- 
ences between the received pilot symbols and the aver- 
age signal, and for feeding the tap coefficients to the pilot 

x channel orthogonal fitter, 

wherein the traffic channel demodulating portion 
comprises: 

a traffic channel orthogonal filter including a plu- 
rality of delay elements, a plurality of multipliers arid an 

2* adder, the delay elements providing the spread signal of 
the traffic channel with successive delays each of an 
amount of Mm of a chip interval of the spreading codes, 
where m is a positive integer, the multipliers multiplying 
the spread signal and successively delayed spread sig- 

30 nals of the traffic channel by tap coefficients of the traffic 
channel obtained on the basis of the spreading code of 
the traffic channel, and the adder summing up outputs 
of the multipliers, the traffic channel orthogonal filter 
despreading the spread signal of the traiic channel to 

ss generate a despread signal of the traffic channel; 

traffic channel phase error compensation means 
for compensating a received phase of each the informa- 
tion symbol in tie information signal included in the 
despread signal of the traffic channel on the basis of the 

40 received phase of the pilot symbol corresponding the 
information symbol; and 

traffic channel tap coefficient control means tor 
calculating tap coefficients of the traffic channel, and lor 
feeding the tap coefficients to the traffic channel orthog- 

4s onai filter, 

and wherein 

the demodulator further comprises decision 
means tor deciding information symbols whose phases 
have been compensated, and 

so the traffic channel tap coefficient control means 

calculates the tap coefficients that will minimize a mean 
square error of differences between the information sym- 
bols whose phases have been compensated and infor- 
mation symbols outputted from the decision means, 

ss In a third aspect of the present invention, there is 
provided a CDMA (Code Division Multiple Access) 
demodulator of a receiver of a mobile station used in a 
wum« transmission system wncse forwara iiniccnanneis 
from a base station to mobile stations include at least 
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one plot channel and muitipfe traffic channels, fit pilot 

channel transmitting only a pilot signal of a known pat- 
tern , ana me tramc snanneis trBnsmrning iniormation sig- 

nab, the CDMA transmission system spreading the pilot 
sional and the information sionals into wideband sionals « 

by using spreading codes faster than a transmission rate 
ol the pilot signal and the information signals, thereby 
generating spread signals to perform communications 
between the base station and the mobile stations in a 
multiple access transmission, the CDMA demodulator w 
comprising; 

a pilot channel demodulating portion tor aemod- 
mating tne pilot cnannei; ano 

a traffic channel demodulating portion provided 
tor each the traffic channel for demodulating the traffic j« 
channel, 

wherein the pilot channel demodulating portion 
comprises: 

a matched (iter including a plurality of delay ele- 
ments, a plurality of multipliers and an adder, the delay 20 
elements providing the spread signal of tha pilot channel 
with successive delays each of an amount of 1/m of a 
chip interval of the spreading codes, where m is a posi- 
tive integer, the multipliers mulf plying the spread signal 
and successive*)- delayed spread signals of the pilot 2S 
channel by tap coefficients of the pilot channel obtained 
on the basis of tha spreading coda of the pilot channel, 
and the adder summing up outputs of the multipliers, the 
pilot channel orthogonal filter despreacing the spread 
signal of the pilot channel to generate a despread signal 30 
of the pilot channel; and 

phase error estimating/averaging means for esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the daspread 
signal of the pilot channel by comparing the received pilot $$ 
signal with the pilot signal of a known pattern of the pilot 
channel, and for obtaining differences between the 
received pilot symbols and an average signal obtained 
by averaging the received phases of the received pilot 
symbols, 45 

wherein the traffic channel demodulating portion 

a traffic channel orthogonal filter including a plu- 
rality of delay elements, a plurality of multipliers and an 
adder, the delay elements providing the spread signal of 4s 
the traffic channel with successive delays each of an 
amount of 1/m of a chip interval of the spreading codes, 
where m is a positive Integer, the multipliers multiplying 
the spread signal and successively delayed spread sig- 
nals of the traffic channel by tap coefficients of the traffic so 
channel obtained on the basis of the spreading code of 
the traffic channel, and the adder summing up outputs 
of the multipliers, the traffic channel orthogonal filter 
despreading the spread signal of the traffic channel to 
generate a despread signal of the traffic channel; ** 

traffic channel phase error compensation means 
for compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signal of the traffic channel on the basis of the 



received phase of the pilot symbol corresponding the 
information symbol; and 

traffic channel tap coefficient control means for 
calculating tap coefficients of the traffic channel, and for 
Teeoing tne tap coefficients to tne trattic cnannei ortnog- 
onal filter, 

and wherein 

the demodulator further comprises decision 
means for deciding information symbols whose phases 
have been compensated, and 

the traffic channel tap coefficient control means 
calculates the tap coefficients that will minimize a mean 
square error of differences between the information sym- 
bols whose phases have been compensated and infor- 
mation symbols outputted from the decision means. 

in a fourth aspect of trie present invention, there is 
provided a CDMA (Code Division Multiple Access) 
demodulator used in a CDMA transmission which per- 
forms multiple access transmission by spreading a sig- 
nal, which includes a frame consisting of a pilot signal of 
a known pattern and an information signal, into a wide- 
band signal using a spreading code faster than each 
information symbol in the information signal, thereby 
generating a spread signal, the CDMA demodulator, 
which demodulates the spread signals transmitted 
through muitipaths by using the spreading codes, com- 
prising for each path. 

an orthogonal filter including a plurality o' delay 
elements, a plurality of multipliers and an adder, the 
delay elements providing the spread signal with succes- 
sive delays each of an amount of 1/m of a chip interval 
of the spreading code, where mis a positive integer, the 
multipliers multiplying the spread signal and succes- 
sively delayed spread signals by tap coefficients 
obtained on the basis of the spreading code, and the 
adder summing up outputs of the multipliers, the orthog- 
onal fitter despreading the spread signal to generate a 
despread signal; 

absolute phase estimating means for estimaiing 
received phases of a received pilot signal by comparing 
the received pilot signal included in the despread signal 
with the pilot signal of a known pattern, and tor estimating 
a received phase of each information symbol in the infor- 
mation signal by interpolating the received phases of the 
received pilot signal; 

phase error compensation means for compensat- 
ing received phase errors of the received pilot signal on 
the basis of estimated received phases of the received 
pilot signal, and for compensating a phase error of each 
the information symbol on the basis of an estimated 
received phase of the informaion symbol; and 

tap coefficient control means tor calculating the 
tap coefficients, and for feeding them to the orthogonal 
filter, 

wherein the demodulator further comprises; 

a RAKE combiner for RAKE combining the pilot 
signals and the information symbols whose phases have 
been compensated, by multiplying for each path of the 

muiipatns tne p ot signal ano tne intormaion symoois 
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by weighting factors; and 

decision means tor deciding a RAKE combined 

signal, 

and wherein the tap coefficient control means of 
mm eacn patn calculates tne tap coefficients tnat wii mn- g 
imize mean square error of differences between an out- 
put of the phase error compensation means of the each 
path and signals obtained by sharing in terms of power 
an output of the decision means in accordance with the 
weighting factors of the RAKE combiner. m 

The weighting factors may be received Si Rs {Signal- 
to-lnterference Ratios) of individual paths of the multip- 
ass 

In afifth aspect of the present invention, there isprc- 
wided a CDMA (Code Division Multiple Access) demod- is 

uiator of a receiver of a mobile station used in a CDMA 
transmission system whose forward link channels from 
a base station to mobile stations include at least one pilot 
channel and multiple traffic channels, the pilot channel 
transmitting only a pilot signal of a known pattern, and so 
the traffic channels transmitting information signals, the 
CDMA transmission system spreading the pilot sign a! 
and the information signals into wideband signals by 
using spreading codes faster than a transmission rate of 
the pilot signal and Ihe information signals, thereby gen- 25 
eraing spread signals to perform communications 
between the base station and the mobile stations in mul- 
tiple access transmission, the CDMA demodulator, 
which demodulates the spread signals transmitted 
through mylipaths by using the spreading codes, com- go 
prising for each path of the multipaths: 

a pilot channel demodulating portion tor demod- 
ulating the pilot channel; and 

a traffic channel demodulating portion provided 
for each the tralic channel for demodulating the traffic 35 
channel, 

wherein the pilot channel demodulating portion 
comprises: 

a pilot channel orthogonal filter including a plural- 
ity of delay elements, a plurality of multipliers and an « 
adder, the delay elements providing the spread signal of 
the pilot channel with successive delays each of an 
amount of 1/m of a chip interval of the spreading codes, 
where m is a positive integer, the multipliers multiplying 
the spread signal and successively delayed spread sig- « 
nais of the pilot channel by tap coefficients of the plot 
channel obtained on the basis of the spreading code of 
the pilot channel, and the adder summing up outputs of 
me multipliers, tne pilot channel ortnopjonat filter 
despreading the spread signal of the plot channel to so 
generate a despread signal of the pilot channel; 

phase error esti mating/averaging means tor esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the despread 
signal of the pilot chan nel by comparing the received pilot ss 
signal wttn tne pilot signal of a Known pattern o? tne pilot 
channel, and tor obtaining phase differences between 
the received pilot symbols and an average signal 
obtained by averaging fie received phases of the 



received pilot symbols: and 

clot channel tao coefficient control means for cal- 
culating the tap coefficients of the pilot channel, which 
will minimize a mean square error of the phase differ- 
ences between the received pilot symbols and the aver- 
age signal, and for feeding the ftp coefficients to the pilot 
channel orthogonal filter, 

wherein the traffic channel demodulating portion 
comprises: 

a traffic channel orthogonal filter including a plu- 
rality of delay elements, a plurality of multipliers and an 
adder, the delay elements providing the spread signal of 
the traffic channel with successive delays each of an 
amount of 1/m of a chip interval of the spreading codes, 
where m is a positive integer, the multipliers multiplying 
the spread signal and successively delayed spread sig- 
nals of the traffic channel by tap coefficients of the traffic 
channel obtained on the basis of the spreading code of 
the traffic channel, and the adder summing up outputs 
of tne multipliers, trie traffic cnannei orthogonal Titer 
despreading the spread signal of the traffic channel to 
generate a despread signal of the traffic channel; 

traffic channel phase error compensation means 
for compensating a received phase of each the informat- 
ion symbol in the information signal included in the 
despread signal of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol; and 

traffic channel tap coefficient control means tor 
calculating tap coefficients of the traffic channel, and for 
feeding the tap coefficients to the traffic channel orthog- 
onal filer, 

and wherein the demodulator further comprises; 

a RAKE combiner for RAKE combining the infor- 
mation symbols whose phases have been compen- 
sated, by multiplying for each path of the multipaths the 
information symbols by weighting factors; and 

decision means for deciding a RAKE combined 

signal, 

and wherein the traffic channel tap coefficient 
control means of the each path calculates the tap coef- 
ficients that will minimize mean square error of differ- 
ences between an output of the traffic channel phase 
error compensation means of the each path and one of 
signals obtained by sharing in terms of power an output 
of the decision means in accordance with the weighing 
factors of the RAKE combiner. 

In a sixth aspect of the present invention, there Is 
provided a COMA (Code Division Multiple Access) 
demodulator of a receiver of a mobile station used in a 
CDMA transmission system whose forward linkchannels 
from a base station to mobile stations include at toast 
one pilot channel and multiple traffic channels, the pilot 
channel transmitting only a pilot signal of a known pat- 
tern, and the traffic channels transmitting information sig- 
nals, the CCMA transmission system spreading the pilot 
signal and the information signals into wideband signals 
by using spreading codes faster than a transmission rate 
of the pilot signal and the information signals, thereby 
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generating spread signals to perform communications 
between the base station and the mobile stations in mul- 
tiple access transmission, the CDMA demodulator, 
which demodulates tha spread signals transmitted 
through moltipaths by using the spreading codes, com- 
prising for each path of the mulipaths; 

a pilot cnannai demodulating portion for demod- 
ulating tha pilot channel; and 

a traffic channel demodulating portion provided 
for each the traffic channel for demodulating the traffic 
channel, 

wherein the pilot channel demodulating portion 
comprises 

a pilot channel matched filter including a plurality 
of delay elements, a plurality of multipliers and an adder, 
the delay elements providing the spread signal of the 
pilot channel with successive delays each of an amount 
of 1/m of a chip interval of the spreading codes, where 
m is a positive integer, the multipliers multiplying the 
spread signal and successively delayed spread signals 
of the pilot channel by tap ooef icients of the pilot channel 
obtained on the basis of the spreading code of the pilot 
channel, and the adder summing up outputs of the mul- 
npiters, tne piot onannei rnatcneo filter oespreaoing trie 
spread signal of the pilot channel to generate a despread 
signal of me piioi cnannei, ana 

phase error estimating/averaging means for esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the despread 
signal of the pilot channel by comparing the received pilot 
signal with the pilot signal off a known pattern off the pilot 
channel, and tor obtaining differences between the 
received pilot symbols and an average signal obtained 
by averaging the received phases of the received pilot 
symbols, 

wherein the traffic channel demodulating portion 
comprises; 

a traffic channel orthogonal filter including a plu- 
rality of delay elements, a plurality of multipliers and an 
adder, the delay elements providing the spread signal of 

the traffic channel with successive delays each of an 
amount of 1 An of a chip interval of the spreading codes, 
where m is a positive integer, the myltipliers multiplying 
the spread signal and successively delayed spread sig- 
nals of the traffic channel by tap coefficients of the traffic 
channel obtained on the basis of the spreading code of 
the traffic channel, and the adder summing up outputs 
of the multipliers, the traffic channel orthogonal filter 
despread ing the spread signal of the traffic channel to 
generate a despraad signal of the traffic channel; 

traffic channel phase error compensation means 
for compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signal of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol; and 

traffic channel tap coefficient control means for 
calculating tap coefficients of tfw traffic channel, and for 
feeding the tap coefficients to the traffic channel orthog- 



onal filter, 

and wherein the demodulator further cornprises; 

a RAKE combiner far RAKE combining the infor- 
mation symbols whose phases have been eompen- 
s sated, by multiplying for each path of the mult paths the 

information symbols by weighting factors; and 

decision means for deciding a RAKE combined 

signal, 

and wherein the traffic channel tap coefficient 
w control means of tha each path calculates the tap coef- 
ficients that will minimize mean square error of differ- 
ences between an output of the traffic channel phase 

error compensation means of the each path and one of 

signals obtained by sharing in terms of power an output 

ts of the d eas»on means in accordance with the weighting 
factors of the rake combiner 

In a seventh aspect of the present invention, there 
is provided a CDMA {Code Division Myltlple Access) 
transmission system carrying out communications 

20 between a base station and mobile stations in multiple 
access transmission by using spread signals generated 
by spreading information signals into wideband signals 
using spreading codes whose rate is higher than a trans- 
mission rate of the information signals, trie CDMA trans- 

2s mission system including forward link channels from the 
oase station to tne mooiie stations, eacn ot tne Torwaro 
link channels comprising; 

at least one pilot channel for transmitting only a 
pilot signal of a known pattern; and 

x a plurality of traffic channels for transmitting the 

information signals. 

The spreading codes may comprise an interval iden- 
ticai to an interval or an information symooi of tne imor- 
matton signals. 

35 A demodulator of a receiver of tha mobile stations 
may comprise: 

a pilot channel demodulating portion for demod- 
ulating the plot channel; and 

a traffic channel demodulating portion provided 
40 for each the traffic channel for demodulating the traffic 
channel, 

wherein the pilot channel demodulating portion 
comprises: 

a pilot channel orthogonal filter including a plural- 
4S ity of delay elements, a plurality of multipliers and an 
adder, the delay elements providing the spread signal of 
the pilot channel with successive delays each of an 
amount of 1/m of a chip interval of the spreading codes, 
where m is a positive integer, the multipliers multiplying 
so the spread signal and successively delayed spread sig- 
nals of the pilot channel by tap coefficients of the pilot 
channel obtained on the basis of the spreading code of 
the pilot channel, and the adder summing up outputs of 
tie multipliers, tha pilot channel orthogonal filter 
55 despreading the spread signal of the pilot channel to 
generate a despread signal of the pilot channel; 

phase error esimaflnrj/averaging means for esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included In the despread 
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signal of the pilot channel by comparing the received plot 
signal v*th tha pilot signal of a Known pattern of the pilot 
channel, and tor obtainirg phase differences between 
the received pilot symbols and an average signal 
obtained by averaging the received phases of the 
received pilot symbols; and 

pilot channel tap coefficient control means tor cal- 
culating the tap coeff dents of the pilot channel, which 
will minimize a mean square error of the phase differ- 
ences between the received pilot symbols and the aver- 
age signal, and tor feeding the tap coefficients to the pilot 
channel orthogonal filter, 

wherein the traffic channel demodulating portion 
coroprisos; 

a traffic channel orthogonal flier including a plu- 
rality of delay elements, a plurality of multipliers and an 
adder, the delay elements providing the spread signal of 
the traffic channel with successive delays each of an 
amount of i An of a chip interval of the spreading codes, 
where m is a positive integer, the multipliers multiplying 
the spread signal and successively delayed spread sig- 
nals of the traffic channel by tap coefficients of the traffic 
channel obtained on the basis of the spreading code of 
the traffic channel, and the adder summing up oytputs 
of the multipliers, the traffic channel orthogonal filter 
despreading the spread signal of the traffic channel to 
generate a despread signal of the traffic channel; 

traffic channel phase error compensation means 
for compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signal of the fralic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol; and 

traffic channel tap coaiicient control means for 
calculating tap coefficients of the traffic channel, and for 
reeding tne lap coefficients to tne traffic cnannei ortrtog- 
onal filter, 

and wherein 

the demodulator further comprises decision 
means tor deciding information symbols whose phases 
have been compensated, and 

the traffic channel tap coefficient control means 
calculates the tap coefficients that will minimize a mean 
square error of differences between the information sym- 
bols whose phases have been compensated and infor- 
mation symbols outputted from the decision means. 

A demodulator of a receiver of the mobile stations 
may comprise: 

a pilot channel demoduiaffng portion for demod- 
uisiing tne piioi cnannei, ana 

a traffic channel demodulating portion provided 
for each the traffic channel for demodulating the traffic 
channel, 

wnerein tne piioi cnannei aemoouiating portion 
comprises: 

a matched filter including a plurality of delay ele- 
ments, a plurality of multipliers and an adder, the delay 

m.$tmwtmijm.immiki&i. tittmtitm\J<tt Atm jit. tmam.t#m». mt, j*J mStljmtsmtmS jkldg. mn hm mm tt«t.am mt. I 

elements provioing tne spread signal or me pioi cnannei 
with successive delays each of an amount of 1/m of a 



chip interval of the spreading codes, where m is a posi- 
tive integer, the mult|)Iiers multiplying the spread signal 
and successively delayed spread signals of the pilot 
cnannei oy tap coewioerTts or tna pi tot cnannei ootainea 

5 on the basis of the spreading code of the pilot channel, 
and the adder summing up outputs of the multipliers, the 
pilot channel orthogonal filer despreading the spread 
signal of tha pilot channel to generate a despread signal 
of the pilot channel; and 

m chase error estimatino/averaoino means for esti- 

mating received phases of individual received pilot sym- 
bols of a received plot signal included in the despread 
signal of th e pilot channel by comparing the received pilot 
signal with the pilot signal of a known pattern of the pilot 

ts channel, and tor obtaining differences between tha 
received pilot symbols and an average signal obtained 
by averaging the received phases of the received pilot 
symbols, 

wherein the traffic channel demodulating portion 

so comprises; 

a traffic channel orthogonal filter including a plu- 
rality of delay elements, a plurality of multipliers and an 
adder, the delay elements providing the spread signal of 
the traffic channel with successive delays each of an 

2s amount of 1/m of a chip interval of the spreading codes, 
where m is a positive integer, the multipliers multiplying 
the spread signal and successively delayed spread sig- 
nals of the traffic channel by tap coefficients of the traffic 
channel obtained on the basis of the spreading code of 

so the traffic channel, and the adder summing up outputs 
of the multipliers, the traffic channel orthogonal filter 
despreading the spread signal of the traffic channel to 
generate a despread signal of the traffic channel; 

traffic channel phase error compensation means 

35 for compensating a received phase of each the informa- 
tion symooi in tne intormation signal included in tne 
despread signal of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol; and 

40 traffic channel tap coefficient control means for 

calculating tap coefficients of the traffic channel, and for 
feeding the tap coefficients to the traffic channel orthog- 
onal filter, 

and wherein 

4s the demodulator further comprises decision 

means for deciding information symbols whose phases 
have been compensated, and 

the traffic channel tap coefficient control means 
calculates the tap coefficients that will minimize a mean 
so square error of differences between the information sym- 
bols whose phases have been compensated and intor- 
mation symbols outputted from the decision means, 

A demodulator of a receiver of the mobile stations 
may comprise tor each path of the multipaffis; 
ss a pilot channel demodulating portion for demod- 

mating tne pilot cnannei, ana 

a traffic channel demodulating portion provided 

IWiJ A«uJa An. im &>mmmlmt&mm ftkNWH«i Stm.m tmtmt.witmtm.jmtt itjm.Mt3m.mti mSmtm mmmt.Mm%tjm 

for eacn tne trartie cnannei tor oemoouiaiing tne trait e 
cnannei, 
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wherein the pilot channel demodulating portion 
co reprises: 

a pilot channel orthogonal titer including a plural- 
ity of delay elements, a plurality of multipliers and an 
adder the delay elements providing! the spread signal of $ 

the pilot channel with successive delays each of an 
amount of 1 An of a chip interval of the spreading codes, 
where m is a positive integer, the multipliers multiplying 
the spread signal and successively delayed spread sig- 
nals of the plot channel by tap coefficients of the pilot n 
channel obtained on the basis of the spreading code of 
the pilot channel, and the adder sunming up outpute of 
trie multipliers, me pilot cnannei orthogonal niter 
despreading the spread signal of the pilot channel to 
generate a despread signed of the pilot channel; 

phase error estimating/averaging means tor esti- 
mating received phases of individual receded pilot sym- 
bols of a received pilot signal included in the despread 
signal of the pilot channel by comparing the received pilot 
signal with the pilot signal of a known pattern of the pilot m 
channel, and for obtaining phase differences between 
the received pilot symbols and an average signal 
obtained by averaging the received phases of the 
received pilot symbols; and 

pilot channel tap coefficient control means for cal- ss 
cubing the tap coefficients of the pilot channel, which 
will minimiie a mean square errot of the phase differ- 
ences between the received pilot symbols and the aver- 
age signal, and for feeding the tap coefficients to the pilot 
channel orthogonal filter, go 

wherein the traffic channel demodulating portion 
comprises: 

a traffic channel orthogonal filter including a plu- 
rality of delay elements, a plurality of multipliers and an 
adder, the delay elements providing the spread signal of 35 
the traffic channel with successive delays each of an 
amount of 1 An of a chip interval of the spreading codes 
where m is a positive integer, the multipliers multiplying 
the spread signal and successively delayed spread sig- 
nals of the traffic channel by tap coefficients of the traffic 40 
channel obtained on the basis of the spreading code of 
trie traffic channel, and the adder summing up outputs 
of the multipliers, the traffic channel orthogonal filter 
despreading the spread signal of the traffic channel to 
generate a despread signal of the traffic channel; 45 

traffic channel phase error compensation means 
for compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signal of the traflic channel on the basis of the 
received phase of the pilot symbol corresponding the so 
information symbol, and 

traffic channel tap coefficient control means for 
calculating tap coefficients of the traffic channel, and for 
feeding the tap coefficients to the traffic channel orthog- 
onal filter, 55 

and wherein the demodulator further comprises; 

a RAKE combiner for RAKE combining the pilot 
signal and the information symbols whose phases have 
been compensated, by multiplying tor each path of the 



multipaths the pilot signal and the information symbols 
by weighting factors; and 

decision means for deciding a RAKE combined 

signal, 

and wherein the traffic channel tap coefficient 

control means of the each path calculates the tap coef- 
ficients that will minimize mean square error of differ- 
ences between an output of the traffic channel phase 
error compensation means ot the each path and one of 
signals obtained by sharing in terms of power an output 
of the decision means in accordance with the weighting 
factors of the RAKE combiner. 

A demodulator of a receiver of the mobile stations 
may comprise for each path of the multipaths: 

a pilot channel demodulating portion for demcd 
ulating the pilot channel; and 

a traffic channel demodulating portion provided 
for each the traffic channel for demodulating the traffic 
channel, 

wherein the pilot channel demodulaf ng portion 
comprises: 

a pilot channel matched filter including a plurality 
of delay elements, a plurality of multipliers and an adder, 
the delay elements providing the spread signal of the 
pilot channel with successive delays each of an amount 
of 1/m of a chip interval of the spreading codes, where 
m is a positive integer, the multipliers multiplying the 
spread signal and successively delayed spread signals 
of the pi lot channel by tap coefficients of the pi lot chan nel 
obtained on tie basis ot the spreading code of the pilot 
channel, and the adder summing up ou^uts of the mul- 
tipliers, I he pilot channel matched filter despreading the 
spread signal of the pilot channel to generate a despread 
signal of the pilot channel: and 

phase error estimating/averaging means for esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signai included in the despread 
signal of theoilot channel by comparing the received pilot 
signal with the pilot signal of a known pattern of the pilot 
channel, and for obtaining differences between the 
received pilot symbols and an average signal obtained 
by averaging She received phases of the received pilot 
symbols, 

wherein the traffic channel demodulating portion 
comprises: 

a traffic channel orthogonal filter including a plu- 
rality of delay elements, a plurality of multipliers and an 
adder, the delay elements providing the spread signal of 
the traflic channel with successive delays each of an 
amount ol 1/m of a chip interval of the spreading codes, 
where m is a positive integer, the multipliers multiplying 
the spread signal and successively delayed spread sig- 
nals of the traffic channel by tap coefficients of the traffic 
channel obtained on the basis of the spreading code of 
the traffic channel, and the adder summing up outputs 
of the multipliers, the traffic channel orthogonal filter 
despreading the spread signal of the traffic channel to 
generate a despread signal of the traffic channel; 

traffic channel phase error compensation means 
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tor compensating a received phase of each trie informa- 
tion symbol in the information signal included in the 
despread signal of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol; and 

traffic channel tap coefficient control means for 
calculating tap coefficients of the traffic channel, and for 
feeding the tap coef icients to the traffic channel orthog- 
onal filter, 

and wherein the demodulator further comprises; 

a RAKE combiner for RAKE combining the pilot 
signal and the information symbols whose phases have 
been compensated, by mufti plying for each path of the 
multipaths the pilot signal and the information symbols 
by weighting factors; and 

decision means for deciding a RAKE combined 

signal 

and wherein the tralic channel tap coefficient 
control means of the aach path calculates the tap coef- 
ficients that will minimize mean square error of differ- 
ences between an output of the traffic channel phase 
error compensation means of the each path and one of 
signals obtained by sharing in terms of power an output 
of the decision means in accordance with the weighting 
factors of the RAKE combiner. 

In an eighth aspect of the present invention, there is 
provided a CDMA (Code Division Multiple Access) 
demodulation method used in a CDMA transmission 
which performs multiple access transmission by spread- 
ing a signal, which includes a frame consisting of a pilot 
signal of a known pattern and an information signal into 
a wideband signal using a spreading code faster than 
each information symbol in the information signal, 
thereby generating a spread signal, the CDMA demod- 
ulation method, which demodulates the spread signal by 
using the spreading code, comprising; 

a step of outputting a despread signal by provid- 
ing the spread signal with successive delays each of an 
amount of 1/m of a chip interval of the spreading code, 
where m is a positive integer, by multiplying the spread 
signal and successively delayed spread signals by tap 
coefficients obtained on the basis ol the spreading code, 
and by summing up results of multiplications to despread 
the spread signal; 

an absolute phase estimating step of estimating 
received phases of a received pilot signal by comparing 
the received pilot signal included in the despread signal 
with the pilot signal of a known pattern, and of estimating 
a received phase of each information symbol in the infor- 
mation signal by interpolating the received phases of the 
received pilot signal; 

a phase error compensation step of compensat- 
ing received phase errors of the received pilot signal on 
the basis of estimated received phases of the received 
pilot signal, and of compensating a phase error of each 
the information symbol on the basis of an estimated 
received phase of the information symbol; 

a decision step of deciding the pilot signal whose 
phase has been compensated, and of deciding the infor- 



mation symbol whose phase has been compensated; 

art 

a tap coefficient calculation step of calculating the 
tap coefficients which will minimize a mean square error 

5 of differences b etween an outpyf of the phase error com- 
pensation step and an output of the decision step. 

Tie tap coefficient calculation slap may calculate 
the tap coefficients that will minimize the mean square 
error for each symbol in the pilot signal, and may catcu- 

io late the tap coefficients that will minimize the mean 
square error for each symbol in the Information signal. 

The tap coefficient calculation step may calculate 
the tap coefficients that will minimize the mean square 
error for each the pilot signal, 

15 Tne tap coefficient calculation step may calculate 
the tap coefficients that will minimize the mean square 
error for each the pilot signal, and may calculate the tap 
coefficients that will minimize the mean square error for 
each symbol In the information signal. 

20 In a ninth aspect of the present invention, there is 
provided a CDMA (Code Division Multiple Access) 
demodulation method of a receiver of a mobile station 
used in a C DM A transmission system whose forward link 
channels from a base station to mobile stations include 

,?s at least one pilot channel and multiple traffic channels, 
the pilot channel transmitting only a pilot signal of a 
known pattern, and the traffic channels transmitting infor- 
mation signals, the CDMA transmission system spread- 
ing the pilot signal and the information signals into 

so wideband signals by using spreading codes faster than 
a transmission rate of the pilot signal and the information 
signals, thereby generating spread signals to perform 
communications between the base station and the 
mobile stations in a multiple access transmission, the 

as CDMA demodulation method comprising: 

a step of outputting a despread signal of the pilot 
signal by providing the spread signal of the pilot channel 
with successive delays each of an amount of 1/m of a 
chip interval of the spreading codes, where m is a pos 

40 tive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of the pilot channel by tap 
coefficients of the pilot channel obtained on the basis of 
the spreading code of the pilot channel, and by summing 
up results of multiplications to despread the spread sig- 

45 nal of th e pilot channel ; 

a phase error estimating/averaging step of esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the despread 
signal of the pilot channel by comparing tie received pilot 

so signal with the pilot signal of a known pattern of the pilot 
channel, and of obtaining phase differences between the 
received pilot symbols and an average signal obtained 
by averaging the received phases of the received pilot 
symbols; 

55 a step of calculating thetap coefficients of the pilot 

channel which will minimize a mean square error of the 
phase differences between the received pilot symbols 
and the average signal; 

a step of outputting a despread signal of the traffic 
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channel by providing the spread signal of the traffic chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pos- 
itive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of thetraf ic channel bytap s 
coefficients of the traffic channel obtained on the basis 
of the Spreading code of the traffic channel, and by sum- 
ming up results of multiplications to despread the spread 
signal of the traffic channel; 

a traffic channel phase error compensation step to 
of compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signal of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol; is 

a decision step of deciding information symbols 
whose phases have been compensated; and 

a step of calculating the tap coefficients that will 
minimize a mean square error of differences between the 
information symbols whose phases have been compen- so 
sated and information symbols which have been 
decided 

In a tenth aspect of the present invention, there is 
provided a CDMA (Code Division Multiple Access) 
demodulation method of a receiver of a mobile station 25 
used in a CDMA transmission system whose forward link 
channels from a base station to mobile stations include 
at least one pilot channel and multiple traffic channels, 
the pilot channel transmitting only a pilot signal of a 
known pattern, and She traffic channels transmitting infor- so 
matron signals, the CDMA transmission system spread- 
ing the pilot signal and the information signals into 
wideband signals by using spreading codes faster than 
a transmission rate of the pilot signal and the information 
signals, thereby generating spread signals to perform ss 
communications between the base station and the 
mobile stations in a multiple access transmission, the 
CDMA demodulation method comprising: 

a step of outputting a despread signal of the pilot 
signal by providing the spread signal of the pilot channel « 
with successive delays each of an amount of i/m of a 
chip interval of the spreading codes, where m is a posi- 
tive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of the pilot channel by tap 
coefficients of the pilot channel obtained on the basis of « 
the spreading cod e of th e pilot charm el, and by su mming 
up results of multiplications to despread the spread sig- 
nal of the pilot channel; 

a phase error estimating/averaging step of esti- 
mating received phases of individual received pilot sym- so 
bols of a received pilot signal included in the despread 
signal of the pilot channel by comparing the received pilot 
signal with the pilot signal of a known pattern of the pilot 
channel, and of obtaining differences between the 
received pilot symbols and an average signal obtained ss 
toy averaging the received phases of the received plot 
symbols; 

a step of outputting a despread signal of the traffic 

channel by providing the spread signal of the traffic chan- 



nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pos- 
itive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of the traffic channel by tap 
coefficients of the traffic channel obtained on the basis 
of the spreading code of the traffic channel, and by sum- 
ming up resuls of multiplications to despread the spread 
signal of the traf ic channel; 

a traffic channel phase error compensation step 
of conipsnsatifig a received phase of each the infonna- 
tion symooi in tne imor nation signal inciuoea in tne 
despread signal of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol, 

a step of deciding information symbols whose 
phases have been compen sated; and 

a step of calculating the tap coefficients that will 
minimize a mean square error of differences between the 
information symbols whose phases have been compen- 
sated and information symbols which have been 
decided, 

In an eleventh aspect of the present invention, there 
is provided a CDMA (Code Division Multiple Access) 
oemoouiation rrtetnoa used in a uima transmission 
which performs multiple access transmission by spread- 
ing a signal, which includes a frame consisting of a pilot 
signal of a known pattern and an information signal, into 
a wideband signal using a spreading code faster than 
each information symbol in the information signal, 
thereby generating a spread signal, the CDMA demod- 
ulation method, which demodulates the spread signals 
transmitted through muttipaths by using the spreading 
codes, comprising tar each path; 

a step of outputting a despread signal by provid- 
ing the spread signal with successive delays each of an 
amount of 1/m of a chip interval of the spreading code, 
where m is a positive integer, by multiplying the spread 
signal and successively delayed spread signals by tap 
coefficients obtained on the basis of the spreading code, 
and by summing up results of multiplications to despread 
the spread signal; 

an absolute phase estimating step of estimating 
received phases of a received pilot signal by comparing 
the received pilot signal included in the despread signal 
with the pilot signal of a known pattern, and of estimating 
a received phase of each information symbol in the infor- 
mation signal by interpolating the received phases of the 
received plot signal; 

a phase error compensation step of compensat- 
ing received phase errors of the received pilot signal on 
the basis of estimated received phases of the received 
pilot signal, and of compensating a phase error of each 
the information symbol on the basis of an estimated 
received phase of the information symbol; 

a RAKE combining step of RAKE combining the 
pilot signals and the information symbols whose phases 
have been compensated, by multiplying for each path of 
the mull paths the pilot signal and the information sym- 
bols by weighting factors; 
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a decision step of decidi mg a RAKE combined sig- 
nal; and 

a step of calculating the tap coefficients that wit 
minimize mean square error of differences between an 
output of the phase error compensation step of trie each § 
path and signals obtain ad by sharing in terms of power 

an output of the decision step in accordance with the 
weighting factors of the RAKE combining. 

The weighting factors may be received SI Rs (Signal - 

to- Interference Ratios} of individual paths of the myltip- w 

In a twelfth aspect of the present invention, there is 
provided a CDMA (Code Division Multiple Access) 
demodulation method of a receiver of a mobile station 
used in a CDMA transmission system whose forward link is 
channels from a base station to mobile stations include 
at least one pilot channel and multiple traffic channels, 
the pilot channel transmitting only a pilot signal of a 
known pattern, and the traffic channels transmitting infor- 
mation signals, the CD MA transmission system spread- so 
ing the pilot signal and the information signals into 
wideband signals by using spreading codes faster than 
a transmission rate of the pilot signal and the information 
signals, thereby generating spread signals to perform 
communications between the base station and the as 
rncoie stations in munipie access transmission, tne 
CDMA demodulation method, which demodulates the 
spread signals transmitted through multipaths by using 
the spreading codes, comprising for each path of the 
mutapaths: 30 

a step of output irtg a despread signal of the pilot 
channel by providing tie spread signal of the pilot chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pos- 
itive integer, by multiplying the spread signal and succes- 35 
sively delayed spread signais of the pilot channel by tap 
coefficients of the pilot channel obtained on the basis of 
the spreading code of the pilot channel, and by summing 
up results of multiplications to despread the spread sig- 
nal of the pilot channel; *o 

a phase error estimating/averaging step of esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal Included in the despread 
signal of the pilot channel by comparing the received plot 
signal with the pilot signal of a known pattern of the plot « 
channel, and of obtaining phase differences between the 
received pilot symbols and an average signal obtained 
by averaging the received phases of the received pilot 
symbols; 

a step of calculating the tap coefficients of the pilot so 
channel, which will minimize a mean square error of the 

phase differences between the received plot symbols 
and the average signal; 

a step of oy tputtinfj a despread signal of the traffic 

channel by providing the spread signal of the traffc chan- ss 
net wrth successive delays each of an amount of 1/m of 

a chip Interval of the spreading codes, where m is a pos- 
itive integer, by rnuiiplyhg the spread signal and succes- 
sively delayed spread signals of the traffic channel by tap 



coefficients of the traffic channel obtained on the basis 
of the spreading code of the traffic channel, and by sum- 
ming up results of multiplications to despread the spread 
signal of the traffic channel; 

a traffic channel phase error compensation step 
of compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signal of the traffic channel on the basis cf the 
received phase of the pilot symbol corresponding the 
information symbol; 

a RAKE combining step of RAKE combining the 
information symbols whose phases have been compen- 
sated, by multiplying for each path of the multipaths the 
information symbols by weighting factors; 

a decision step of deciding a RAKE combined sig- 
nal; and 

a step of calculating the tap coefficients that will 
minimize mean square error of differences between an 
output of the traffic channel phase error compensation 
step of the each path and one of signals obtained by 
sharing in terms of power an output of the decision step 
in accordance with the weighting factors of the RAKE 
combining. 

In a thirteenth aspect of the present invention, there 
is provided a CDMA (Code Division Multiple Access) 
demodulation method of a receiver of a mobile station 
used in a CDMA transmission system whose forward link 
channals from a bass station to mobile stations include 
at least one pilot channel and multiple traffic channels, 
the pilot channel transmitting only a pilot signal of a 
known pattern, and the traffic channels transmitti ng infor- 
mation signals, the CDMA transmission system spread- 
ing the pilot signal and the information signals into 
wideband signals by using spreading codes faster than 
a transmission rate of the pilot signal and the information 
signais, thereby generating spread signals tc perform 
communications between the base station and the 
mobile stations in multiple access transmission, the 
CDMA demodulation method, which demodulates the 
spread signals transmitted through multipaths by using 
the spreading codes, comprising for each path of the 
multipaths: 

a step of outputting a despread signal of the pilot 
channel by providing the spread signal of the pilot chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pos- 
itive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of the pilot channel by tap 
coefficients of the pilot channel obtained on the basis of 
the spreading code of the pilot channel, and by summing 
up results of multiplications to despread the spread sig- 
nal of the pilot channel; 

a phase error estimating/averaging step of esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the despread 
signal of the pilot channel by comparing the received pilot 
signal with the pilot signal of a known pattern of the pilot 
channel, and of obtaining differences between the 
received pilot symbols and an average signal obtained 
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by averaging the received phases of the received pilot 
symbols; 

a step of outputting a despread signal of the traffic 
channel by providing the spread signal of fie traffic chan- 
nel with successive delip each of an amount of 1/m of $ 

a chip interval of the spreading codes, where m is a pos- 
itive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of the traffic channel by tap 
coefficients of the traffic channel obtained on the basis 
of the spreading code of the traffic channel, and by sum* m 
ruing up results of multiplications to despread the spread 
signal of the traffic channel; 

a traffic channel phase error compensation step 
of compensating a received phase of each the informa- 
tion symbol in the information signal included in the is 
despread signal of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol; 

a RAKE combining step of RAKE combining the 
information symbols whose phase* have been compen - x 
sated by multiplying tor each path of the multipatbs the 
information symbols by weighting factors; 

a decision step of deciding a RAKE combined sig- 
nal; and 

a step of calculating the tap coefficients that will » 
minimize mean square error of differences between an 
output of the traffic channel phase error compensation 
step of the each path and one of signals obtained by 
sharing in terms of power an output of the decision step 
in accordance with the weighting factors of the RAKE $q 
combining. 

In a fourteenth aspect of the present invention, there 

is provided a CDMA (Code Division Multiple Access) 
transmission method carrying out communications 
between a base station and mobile stations in multiple as 
access transmission by using spread signals generated 
by spreading information signals into wideband signals 
using spreading codes whose rate is higher than a trans- 
mission rate of the information signals, the COMA 
method comprising i *c 

a step of transmitting from the base station to the 
mobile stations only a pilot signal of a known pattern 
through at least one pilot channel; and 

a step of transmitting the information signals 
through a plurality of traffic channels. 4s 

The spreading cedes may comprise an interval iden - 
tical to an interval of an information symbol of the infor- 
mation signals, 

A demodulation method of a receiver of the mobile 
stations may comprise; so 

a step of outputting a despread signal of the pilot 
channel by providing the spread signal of the pilot chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pos- 
itive integer, by multiplying the spread signal and succes- ss 
Biveiy delayed spread signals of the pilot channel by tap 
coefficients of the pilot channel obtained on the basis of 
the spreading code of the pilot channel, and by summing 
up results of multiplications to despread the spread sig- 



nal of the pilot channel ; 

a phase error estimating/averaging step of esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the despread 
signal of the pilot channel by comparing the received pilot 
signal with the pilot signal of a known pattern of the pilot 
channel, and of obtaining phase differences between the 
received pilot symbols and an average signai obtained 
by averaging the received phases of the received pilot 
symbols; 

a pilot channel tap coefficient calculation step of 
calculating the tap coefficients of the pilot channel, which 
will minimize a mean square error of the phase differ- 
ences between the received pilot symbols and the aver- 
age signal; 

a step of outputting a despread signal of the traffic 

channel by providing fie spread signal of the traffic chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pos- 
itive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of the traffic Ghannel by tap 
coefficients of the traffic channel obtained on the basis 
of the spreading code of the traffic channel, and by sum- 
ming up results of multiplications to despread the spread 
signal of the traffic channel; 

a traffic channel phase error compensation step 
of compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signai of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol; 

a decision step of deciding information symbols 
whose phases have been compensated; and 

a step of calculating the tap coefficients that will 
minimize a mean square error of differences between the 
information symbols whose phases have been compen- 
sated ana information symbols which have been 
decided . 

A demodulation method of a receiver of the mobile 
stations may comprise: 

a step of outputting a despread signal of the pilot 
channel by providing the spread signal of the pilot chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pos- 
itive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of the pilot channel by tap 
coefficients of the pilot channel obtained on the basis of 
tie spreading coda of the pilot channel, and by summing 
up results of multiplications to despread the spread sig- 
nal of the pilot channel; 

a phase error estimating/averaging step of esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the despread 
signal of the pi lot channel by comparing trie received pilot 
signal with the pilot signal of a known pattern of the plot 
channel, and of obtaining differences between the 
received pilot symbols and an average signal obtained 
by averaging the received phases of the received pilot 
symbols; 
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a step of outputting a despread signal of the traffic 
channel by providing the spread signal of the traffic chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pes 
itive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of the traffic channel by tap 
coefficients of the traffic channel obtained on the basis 
of the spreading coda of the traffic channel, and by sum- 
ming up results of multiplication to despread the spread 
signal of the traffic channel; 

a traffic channel phase error compensation step 
of compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signal of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 
information symbol; 

a decision step of deciding information symbols 
whose phases have been compensated; and 

a step of calculating the tap coefficients that will 
minimize a mean square error of differences between the 
information symbols whose phases have been compen- 
sated and information symbols which have been 
decided. 

A demodulation method of a receiver of the mobile 
stations may comprise for each path of the multipaths: 

a step of outputting a despread signal of the pilot 
channel by providing the spread signal of the pilot chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where mis a pos- 
itive integer, by multiplying the spread signal arid succes- 
sively delayed spread signals of the pilot channel by tap 
coefficients of the pilot channel obtained on the basis of 
the spreading code of the pilot channel, and by summing 
up results of multiplications to despread the spread sig- 
nal of the pilot channel; 

a phase error estimating/averaging step of esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the despread 
signal of the pilot channel by comparing the received pilot 
signal with the pilot signal of a known pattern of the pilot 
channel, and of obtaining phase differences between the 
received pilot symbols and an average signal obtained 
by averaging the received phases of the received pilot 
symbols; 

a step of calculating tie tap coefficients of the pilot 
channel, which will minimize a mean square error of the 
phase differences between the received pilot symbols 
and the average signal; 

a step of outputting a despread signal of th e traffic 
channel by providi ng the spread signal of the traffic chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pos- 
itive integer, by multiplying the spread signal and succes- 
sively delayed spread signals of the traf ic channel by tap 
coefficients of the traffic channel obtained on the basis 
at the spreading code of the traffic channel, and by sum- 
mi ng up results of multiplications to d espread the spread 
signal of the traffic channel; 

a traffic channel phase error compensation step 



of compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signal of the traffic channel on the basis of the 
received phase of the pilot symbol corresponding the 

s information symbol; 

a RAKE combining step of RAKE combining the 
pilot signal and the information symbols whose phases 
have been compensated, ay multiplying for each path of 
the multipaths the pilot signal and the information sym- 

io bols by weighting factors, 

a decision step of deciding a RAKE combined sig- 
nal; and 

a step of calculating the tap coefficients that will 
minimize mean square error of differences between an 
is output of the traffic channel phase error compensation 
step of the each path and one of signals obtained by 
sharing in terms of power an output of the decision step 
in accordance with the weighting factors of the RAKE 
combining. 

so A demodulation method of a receiver of the mobile 
stations may comprise for each path of the multipaths: 

a step of outputting a despread signal of the pilot 
channel by providing the spread signal of the pilot chan- 
nel with successive delays each of an amount of 1/m of 

2S a chip interval of the spreading codes, whore m is a pos- 
itive integer, by multiply ing the spread signal and succes- 
sively delayed spread signals of the pilot channel by tap 
coefficients of the pilot channel obtained on the basis of 
the spreading code of the pilot channel, and by summing 

so up results of multiplications to despread the spread sig- 
nal of the pilot channel; 

a phase error estimating/averaging step of esti- 
mating received phases of individual received pilot sym- 
bols of a received pilot signal included in the despread 

35 signal of th e pi I ot channel by comparing the received pilot 
signal with the pilot signal of a known pattern of the pilot 
channel, and of obtaining differences between the 
received pilot symbols and an average signal obtained 
by averaging the received phases of the received pilot 

40 symbols; 

a step of outputting a despread signal of the traffic 
channel by providing the spread signal of the traific chan- 
nel with successive delays each of an amount of 1/m of 
a chip interval of the spreading codes, where m is a pos- 

45 itive infeg er, by muiti plying the spread signal and succes- 
sively delayed spread signals of the traffic channel by tap 
coefficients of the traffic channel obtained on the basis 
of the spreading code of the traffic channel, and by sum- 
ming up results of multiplications to despread the spread 

so signal of the traffic channel; 

a traffic channel phase error compensation step 
of compensating a received phase of each the informa- 
tion symbol in the information signal included in the 
despread signal of the traffic channel on the basis of the 

55 received phase of the pilot symbol corresponding the 
information symbol; 

a RAKE combining step of RAKE combining the 
pilot signal and the information symbols whose phases 
have been compensated, by multiplying for each path of 
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the myltipaths the pilot signal and the information sym- 
bols by weighting factors; 

a oecision step ot deciding, a hake comomeo sig- 
nal, and 

a step of calculating the tap coefficients that will g 
minimize mean square error of differences between an 
output of the traffic channel phase error compensation 
step of the each path and one of signals obtained by 
sharing in terms of power an output of the decision step 
In accordance with the weighting factors of the RAKE 
combining, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram illustrating the interferences 

between mullpaths in a forward ink channel; 

Fig. 1 is a Mock diagram showing a conventional 
demodulator; 

Fig. 3 is schematic diagram illustrating a format of a 
signal used in an interpolation cor 1 Brent detection; 

Fig. 4 is a block diagram shewing a configuration up 
to the detection stage of a conventions! receiver 
employing the interpolation coherent detection. 
Fig, i is a block diagram shewing a first embodiment 
of a CDMA demodulator in accordance with the 
present invention; 

Fig. 6 is a block diagram showing a configuration of 
an absolute phase estimator/phase error compen- 
sator in the first embedment; 
Fig, 7 is a diagram illustrating received phase error 
correction of information symbols based on phase 
errors detected by using a pilot signal; 
Figs. 8A and 8B are flowcharts illustrating a first 
method for obtaining tap coefficients of an orthogo- 
nal filter; 

Fig. 9 is a flowchart illustrating a second method for 
obtaining the tap coefficients of the orthogonal filter; 
Figs. 10A and 1CB are flowcharts illustrating a third 
method for obtaining the tap coefficients of the 

orthogonal filter; 

Fig. 1 1 is a block diagram showing a second embori- 
iment or a t»ui¥tft oomootJiator in accordance witn 
the present invention; 

Fig. 12 is a schematic diagram illustrating a channel 

arrangement of a third embodiment of a CDMA 
demodulator in accordance witn the present inven- 
tion; 

rig, i a is a DtocK diagram snowing trie tntro emooo- 
iment of a CDMA demodulator in accordance with 
the present invention; 

Fig. 1 4 is a block diagram showing a fourth amboti- 

iment of a CDMA demodulator In accordance with 
the present invention; 

Fig, 15 is a block diagram showing a fifth embodi- 
ment of a CDMA demodulator in accordance with 
the present invention; 

Figs. 16A and 16B are block diagrams showing an 
averaging circuit of pilot symbols in the fifth embod- 
iment; and 



Fig. 17 is a block diagram showing a sixth embodi- 
ment of a CDMA demodulator in accordance with 
the present inverrtion. 

BESTMODE FOR CARRYING OUT THE INVENTION 

The invention will now be described with reference 
to the accompanying drawings. 

EMBODIMENT 1 

Fig. 8 is a block diagram showing a first embodiment 
of a demodulator in accordance with the present inven- 
tion. The demodulator is connected to the output termi- 
nal of the AFC 24 of the receiver shown in Fig. 4. and is 
provided with a received spread signal therefrom. In the 
following, respective signals and tap coefficients are 
handled as a vector having an in -phase component and 
a quadrature component. Accordingly, the term "tap 
coefficient" and "tap coefficient vector", for example, 
refer to an identical item, 

In Fig. 5, a received spread signal is fed to an orthog- 
onal filter 1 03 through an input terminal 1 01 . The orthog- 
onal filer 103 comprises a delay circuit 104, a tap 
coefficient multiplying circuit 105 and a tap signal adder 
106. The delay circuit 104 includes M taps (M is an inte- 
ger equal to or greater than one) drawn out every Tc/m 
delay interval, where Tc is a chip interval of a spreading 
code and m is an integer equal to or greater than one. 
The total delay time of the delay circuit 1 04 is a few (for 
example, five) symbol intervals. The output signals from 
the taps are fed to respective multipliers of the tap coef- 
ficient multiplying circuit 105, and are multiplied by tap 
coefficient vectors CM, 01, The tap coefficients are 
determined on the basis of the spread code, and are 
adaptively controlled so that the received code of the 
intenoeo cnannei is Kept or tnogonai to trie spreading 
codes of the other users. The products outputted from 
me multipliers are summed up by the tap signal adder 
1 §6, and the sum is outputted as a narrowband despraad 
signal. The despread signal Is fed to an absolute phase 
estimator/phase error compensator 1 07 

fig. 6 is a block diagram showing a configuration of 
the absolute phase estimate -/phase error compensator 
107. 

The despread signal o -{putted torn the orthogonal 

filter 1 03 of fig. 5 is fed to a plot synchronization detector 
122 of Fig, 6 The pilot synchronization detector 122 

recovers the clock timing of each symbol, and the frame 
timing which is the repetitive interval of the pilot signal, 
thereby generating a symbol synchronizing signal and a 
frame synchronizing signal. These synchronizing signals 
are fed to respective blocks within the absolute phase 
estimator/phase error compensator 107. The pilot syn- 
chronization detector 122 also supplies the despread 
signal to a plot phase error estimator 124 and a phase 
error compensator 128. 

The pilot phase error estimator 124 compares a ref- 
erence pilot symbol of a known pattern supplied from a 
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pilot signal generator 1 25 with a pilot symbol contained 
in the despraad signal, and delects a phase deviation, 
that is, a phase error of the pilot symbol from the rater 
ence pilot symbol. Performing this processing each time 
a pilot symbol is received, the variation in the phase clue 5 
to fluctuations in the propagation path can be estimated 
on the real time basis. The estimated phase error is aver- 
aged in a pilot signal section, and is fed to a phase error 
estimator of information symbol 126. 

' ••b phase error estimator of information symbol 126 >o 
interpolates the average phase error obtained in pilot sig- 
nal seclions, thereby estimating the phase error for each 
information symbol. Specifically, it estimates the phase 
arror, at each information symbol timing, by interpolating 
the average phase errors obtained in successive pilot is 
signal sections to an information signal section using a 
first-order interpolation or second-order interpolation. 
Thus, the phase error estimator of information symbol 
126 generates one estimated phase error for each infor- 
mation symbol, and provides it to a phase error compen- 20 
sator 128. The phase arror compensator 128 
compensates each information symbol using the esti- 
mated phase error. 

fig. 7 illustrates a method for compensating the 
phase errors of information symbols by the phase arror 25 
compensator 128, Interpolation of average phase vec- 
tors P1 and P2 obtained in two successive pilot sectors 
provides a broken line Pi, From this broken line Pi and 
the positions of individual information symbols with 
respect to the pilot signals, phase vectors S1, S2, ... of so 
the information symbols are obtained. In this figure, the 
curve CV indicates an example of a locus of end points 
of the actual phase vectors of the symbols. Although fig. 
? illustrates the simplest first-order interpolation, sec- 
ond-order interpolation oi Gaussian interpolation can as 
also be used, which are described in the above-men- 
tioned Sampei's paper. 

The information symbols compensated by the abso- 
'ufe phase estimator/phase error compensator 10? are 
fed to a decision bl ock 1 08 and an error vector calculator 40 
109. The decision block 108 carries out the absolute 
coherent detection of the information symbols, and out- 
puts the results torn an output terminal 102 as a 
decoded output, and fed it to the error vector calculator 
109. 45 

The error vector calculator 1 09 obtains differences 
between the information symbols produced from the 
absolute phase estimator/phase error compensator 107 
and the decoded output produced from the decision 
block 108, and fed them to a multiplier 111 as an error so 
signal (error vectors). The multiplier 1 1 1 performs vector 
multiplication of the estimated phases calculated by the 
absolute phase estimator/phase error compensator 1 07 
and the error signal. This is carried out for matching the 
phases of the input signai and the error signal. The out- ss 
put of the multiplier 1 f 1 1s fed to a tap coefficient control- 
ler 110. 

The tap coefficient controller 110 obtains the tap 
coefficient vectors CM, .... CI for the orthogonal filter 103 



on the basis of the error vectors. Specif icaily, it obtains 
the tap coef icient vectors that will minimize the mean 
square error of the error vectors. This is referred to as a 
tap coefficient nector calculation based on MMSE (Min- 
imum Mean-Square Error) in this specification. The tap 
coefficient vectors based on MMSE is fed to the orthog- 
onal filter 103, 

The demodulation circuit in accordance with the 
present invention differs in one aspect from the circuit 
disclosed in the foregoing Sampei's paper in that it 
obtains the tap coefficients based on the MMSE, In Sam- 
pei's method, the amplitude variations are also removed 
at the compensation stage. As a result, no interference 
components remain in the compensated signai, which 
makes it impossible to cancel the interference in the 
orthogonal filter based on the MMSE. 

Figs. 8 A - 1 0B are flowcharts illustrating methods for 
obtaining the tap coefficient vectors. 

A first obtaining method illustrated in Figs. SA and 
8B Is a lap coefficient calculation method based on 
MMSE, in which an adaptive algorithm for averaging 
such as LMS (Least Mean Square) or RLS (Recursive 
Least Square) is applied to each symbol of the pilot sig- 
nal and the information signal. This method has good 
tracking ability because it uses the entire information 
symbols in addition to the pilot symbols. The method will 
now be described with reference to Figs. 8A and 8B. 

At step SP1 , the pilot phase error estimator 1 24 esti- 
mates the phase error of the first symbol in the pilot sig- 
nal. At step SP2. the phase error compensator 128 
compensates for the phase of the pilot symbol. At step 
SP3, the tap coefficient controller 1 10 calculates the tap 
coefficients by applying the MMSE to the pilot symbol, 
and feeds the calculated tap coefficients back to the 
orthogonal filter 103 at step SP4. At step SP5, the abso- 
lute phase estimator/phase error compensator 107 
decides whether the entire symbols in the pilot signal 
section havebeen completed. If any symbol still remains, 
it selects the next symbol at step SP8, and returns to 
step SP1. Thus, the phase error estimation and phase 
compensation are carried out for the entire symbols in 
the pilot signal section. 

After completing the phase error estimation and 
compensation for the pilot signal, the absolute phase 
estimator/phase error compensator 107 performs phase 
error estimation and compensation of each symbol in the 
information signal. At step SP11, the phase error esti- 
mator of information symbol 126 estimates the phase 
error of the first information symbol in the information sig- 
nal. This Is achieved by interpolating the average values 
of the phase errors obtained with the pilot symbols as 
shown in Fig. 7. At step SP12, the phase error compen- 
sator 128 compensates for the phase of the information 
symbol. At step SP13, the tap coefficient controller 1 10 
obtains the tap coefficients by applying MMSE to the 
information symbol, and feeds the tap coefficients back 
to the orthogonal filter 103. At step SP15, the absolute 
phase estimator/phase error compensator 107 decides 
whether the entire information symbols in the frame have 
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been completed, f any information symbols remain, it 
selects the next information symbol at step SP16 and 
returns to step SPl 1 . Thus, the phase error estimation 
and the phase compensation is carried out for the enire 
symbols in the frame. The processing is continued until « 
trie end of the communication is detected at step SP20. 

A rnelhod illustrated in fig. 9 obtains the tap coeffi- 
cient vectors based on MMSE using only the pilot sym- 
bols. Since this method uses only the pilot symbols of a 
known pattern, it has poor tracking ability although its 
error is small. This method will now be described. 

At step SP31, the pilot phase error estimator 124 
estimates the phase error for the first symbol of the pilot 
signal. At step SP32, the phase error compensator 128 
compensates for the phase of the pilot symbol. At step 
SP33, the absolute phase estimator/phase error com- 
pensator 10? decides whether the entire symbols in the 
pilot signal section have been completed. If any symbols 
still remain, it selects the next symbol at step SP36, and 
returns to step SP31 . 

I! the phase error estimation and compensation of 
the entire symbols in the pilot signal section have been 
completed, the tap coefficient controller 110 averages 
the compensated pilot symbols and calculates the tap 
coefficients using MMSE at step SP34, and feeds them 
back to the orthogonal filter 103 at step SP35. This 
processing is continued until the end of the communica- 
tion has been detected at step SP37. 

Figs. 10A and 10B illustrate a method which obtains 
the tap coefficient vectors by using the pilot symbols in 
the pilot section, and calculates in the information section 
the tap coefficient vector far each information symbol by 
interpolating the tap coefficient vectors obtained by using 
the pilot symbols. Since it has better tracking ability than 
the method shown in Fig. 9, if is suitable for the changes 
in the assignment of the spreading codes in the cell due 
to paging or calling. Since the method is a combination 
of steps SP31-SP36 in Fig. 9 and steps SP11-SP20 in 
Fig. 8B as shown in Figs. 10A and 10B, the description 
thereof is omitted here. 

EMBODIMENT 2 

Fig 1 1 is a block diagram showing a second embod- 
iment of a demodylator in accordance with the present 
invention. This embodiment is used in the case where 
mufcpaths are present. Although Fig. 1 1 shows the sim- 
plest two paths case, three or mora mulipath system can 
also be implemented in a similar way by providing opti- 
mally controlled orthogonal filters for individual paths. 

In Fig, 11 trie received signal traveling through a first 
path is despread by an orthogonal filter 103-1, and 
undergoes phase compensation by an absolute phase 
estimator/phase error compensator 107-1 as in the first 
embodiment. Likewise, the received signal traveling 
through a second path is despread by an orthogonal! liter 
1 03-2, and undergoes phase compensation by an abso- 
lute phase estimator/phase error compensator 107-2. 



A tap coefficient controller 1 1 0-1 of the! irst path cal- 
culates tap coefficient vectors for the orthogonal filter 
1 03-1 from error vectors, and feeds them back to the 
orthogonal filter 103-1. In this case, the tap coefficient 
controller 110-1 considers the first path signal as a 
desired signal, and the second path signal as interfer- 
ence to tne intenoea cnannei in calculating the tap coef- 
ficient vectors. likewise, a tap coefficient controller 1 1 0- 
2 of the second path calculates tap coefficient vectors 
far the orthogonal filter 103-2 from error vectors, and 
feeds them back to the orthogonal filter 103-2. In this 
case, the tap coefficient controller 110-2 considers the 
second path signal as a desired signal, and the first path 
signal as interference to the intended channel In calcu- 
lating the tap coefficient vectors. Thus, the tap coeffi- 
otents are caicuisteo tor tne orthogonal liter or eacn 
path. In trus figure, the reference numeral 1 54 designates 
a delay of the second path signal with respect to the first 
path signal. 

The signals oufputtacJ from the orthogonal filters 
103-1 and 103-2 are fed to absolute phase estima- 
tor/phase error compensators 107-1 and 107-2, and 

undergo phase compensation, respectively. The two 
phase compensated signals are fed tea RAKE combiner 
150. 

The RAKE combiner 150 combines the two input 
signals. Specifically, it carries out in-phase weighted 
combining of the two signals to obtain a maximum ratio 
combination in accordance with SIRs (Signal-to- Interfer- 
ence Ratios) of respective paths. This combining method 
is a known technique. The combirec signal is decided 
by the decision block 108. 

The decision output signal is produced from the out- 
put terminal 102 as the decoded output. In addition, it is 
fed to multipliers 152-1 and 1 52-2, at which it is weighted 
by the SIRs. The weighted decision outputs are fed to 
error vector calculators 109-1 and 109-2 The error vec- 
tor calculators 109-1 and lOi-2 obtain the differences 
between the weighted decision outputs and the outputs 
from the absolute phase est: mator. 'phase error compen- 
sators 1C7-1 and 107-2, respectively, and feed them 
back to tap coefficient controllers 110-1 and 110-2 via 
multipliers 111-1 and 111-2 as error vectors. Thus, the 
signal vector obtained by the decision is shared in terms 
of power by the weighting factors of the RAKE combiner, 
and the errors are calculated between the shared signals 
and the outputs of individual paths whose phase fluctu- 
ations have been compensated, thereby controlling the 
tap coefficients of the orthogonal filters to minimize the 
mean square errors. 

Thus, the demodulator in accordance with the 
present invention can be applied to a mulipath system. 
In this case, the weighting based on SIRs of individual 
paths makes it possible to obtain highly reliable tap coef- 
ficient vectors. 

The foregoing first and second embodiments 
employ the frame format, in which the pilot signals are 
inserted between the information signals. In this case, it 
is necessary to make the insertion interval of the pilot 
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signals much shorter than f luciuatton periods of the prop- 
agation paths. 

uonscenng forward iinrcnannets {from a base sta- 
tion to mobito stations) in a cellular system, signals trans- 
mittal from ths bass station arrive at a particular mobile s 
station through the same propagation path independ- 
ently of whether they are directed to the particular mobile 
station or toother users. Accordingly, it would be not nec- 
essary to insert the pilot signals, which are used to esti- 
mate the fluctuations of the propagation paths into to 
i nd vidual channels of the users On He contrary, a frame 
efficiency could be improved by providing ■ common pilot 
channel dedicated to the pilot signal, and by sharing the 
pilot channel among all the users. The following embod- 
iments re I ate to demodulators used in a system including ts 
such a common pilot channel, 

EMBODIMENT 3 

Fig. 1 2 illustrates a frame arrangement of a forward zo 
link channel from the base station to mobile stations, 
wnicn is usee in its ernooaiment. a single plot channel 

is provided for N traffic channels. The pilot channel con- 
sists of symbol groups of a known pattern, and is used 
as a reference signal for the phase compensation of the 25 

signals transmitted through respective traffic channels. 

Fig. 13 is a block diagram showing the configuration 
of the third embodiment of a demodulator in accordance 
with the present invention. A spread signal applied to the 
input terminal 1 01 is fed to an orthogonal filter 1 03P for x 
the pilot channel and an orthogonal filter 103T far the 
traffic channel. The orthogonal filters 103P and TOT 
despread the spread signal by using the tap coefficients 
generated on the basis of spreading codes, and output 
narrowband despread signals S1 1 and 51 2 in a manner as 
similar to the orthogonal filter 1 03 in the above-described 
embodiments. It should be noted here that the pilot chan- 
nel and the traffic channels employ different spreading 
codes tor despread ing. 

The output signal S1 1 of the orthogonal filter 103P * 
corresponds to the pilot signal with a known pattern. 
Accordingly, calculating the received phase with refer- 
ence to the pilot signal of a known pattern generated in 

lint,*., J »>*™ #« -J t •I — Ajm.m i^tm.jm !» urn, jm. im^m. Itrnt amJStm 2 »*. II,. «-% &3 -fc m 

tnis aomocjpiator mattes it possioie to OBtain fluctuations 
in amplitude and phase due to fading. The received sig- * 
rial Si 1 includes cross-correlation components due to 

signals associated with other users. 

A pilot channel phase error estimsing/avaratjincj 
block 161 averages thareeeivedpiotsvmbolsover a pre- 
determined time period to level errors due to instantane- x 
ous Rayleigh fading. The mean vector includes the 
cross-conelation components associated with other 
users. Then, the tap coefficient controller 1 10P calcu- 
lates tap coefficients that will minimiie the mean square 
error of the differences between the mean vector and the ss 
received pilot symbol vector, and feeds then back to the 
orthogonal filter 103 P. 

The phase compensation for each symbol of the traf- 
fic channel is performed by a traffic channel phase error 



compensator 162 using the pilot symbol in phase with 
the symbol of the traffic channel. Specifically, the symbol 

phases of a signal S12 outputted from the orthogonal 
filter 103T of the traffic channel is corrected by the 

received phase of the corresponding pilot symbol. The 
phase compensated signal SI 3 outputted from the traffic 
channel phase error compensator 162 is decided by the 
d petition block 10S and the decision result Is produced 
from the output terminal 102 as a decoded output. The 
output of the decision block 108 is also fed to an error 
vector calculator 109 which calculates an error vector 
indicative of differences from the signal Si 3. The tap 
coefficient controller 1 1 0T calculates the tap coefficients 
that will minimiie the mean square error of the error vec- 
tor, and feeds them back to the orthogonal filter 103T. 

According to the present embodiment, good tracking 
ability to the Rayleigh fading can be achieved because 
the phase fluctuations in the propagation path is esti- 
mateo wnftout interruption using trie pilot cnannei that 
continually transmits the pilot signal of a known pattern. 

EMBODIMENT 4 

Fig. 14 is a block diagram showing a fourth embod- 
iment of a demodulator in accordance with the present 
invention. This embodiment is implemented by applying 
the demodulator of the third embodiment to a receiver 

used in a multipath environment. Since this relationship 
is analogous to that between the first embodiment as 
shown in Fig. 5 and the second embodiment as shown 
in Fig. 11, the corresponding explanations of the second 
embodiment should be referred to. Thus, the detailed 
description ot me empoaimeni is omittec nera. 

EMBODIMENT 5 

Fig. 1 5 is a block diagram showing a fifth embodi- 
ment of a demodulator in accordance with the present 
invention. This embodiment differs from the third embod- 
iment shown in Fig. 13 in the following, 

(1) A matched filter 171 is connected between the 

input terminal 1 01 and the pilot channel phase error 
estimating/averaginf block 161 in place of the 
orthogonal filter 103P. 

(2) The tap coefficient controller 1 10P for the pilot 
onannet is ooviateo. 

With this arrangement, the configuration becomes 
simpler and the processing amount becomes less than 

those of the third embodiment because of the elimination 
of the tap coefficient controller, However, since the pilot 

sional includes interference comoonents if is necessarv 
to calculate the mean ot a number of pilot symbols to 

increase the estimation accuracy. Figs. *6A and 16B 
show & configuration of an average circuit of the pilot 
symbols. It is provided in the pilot channel phase error 
©stimating/awmging block 161 and averages the pilot 
symbols over a predetermined time interval. 
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Fig, 1 6A shows a circuit for calculating an arithmetic 
mean of the plot symbols. N pilot symbols stored in a 
buffer 1 11 are summed up by an adder 1 83, and the sum 
is divided by N by a divider 185. 

Fig. 1Si calculates a weighted mean of two pilot s 
symbols. Two pilot symbols stored in buffers 1 91 and 1 93 
are weighted by multipliers 195 and 197, and are 
summed up by an adder 1 99 Thus, the mean of the pilot 
symbols is calculated. 

It is considered that the present embodiment is infe- to 
nor to the third embodiment In the tracking ability to fast 
fading because it calculates the mean of many pilot sym- 
bols. Accordingly, it will be necessary to choose the third 
embodiment and the present embodiment in accordance 
with circuit size and fading environment. is 

EMBODIMENT 6 

Fig. 17 is a block diagram snowing a sixth embodi- 
ment of a demodulator in accordance with the present so 
invention. This embodiment is implemented by applying 
the demodulator of the fifth embodiment to a receiver 
used in a mult 1 path environment. Since this relationship 
is analogous to that between the first embodiment as 
shown in Fig. 5 and the second embodiment as shown as 
in Fig ' 1 the corresponding explanations of the second 
embodiment should be referred to. Thus, the detailed 
description is omitted here, 

In this embocirrent as in the second and fourth 
embodiments, the signal vector obtained by the decision x 
is shared in terms of power by the weighting factors of 
the HAKE combiner, and differences are calculated 
between the shared signals and the outputs of the paths 
obtained by compensating the phase fluctuations. Then, 
the tap coefficients of the orthogonal filters are controlled ss 
so that the mean square error of the differences is kept 
minimum. 

Claims 

40 

1 . A CDMA (Code Division Multiple Access) demodu- 
lator usee in a CDMA transmission which performs 
multiple access transmission by spreading a signal, 
which includes a frame consisting of a pilot signal of 
a known pattern and an information signal, info a 4S 
wideband signal using a spreading code faster than 
each information symbol in the intormalon signal, 
thereby generating a spread signal, said CDMA 
a e modulator, whtcn demodulates tna spread signal 
by using the spreading code, characterized by com- so 
prising: 

an orthogonal filter Including a plurality of 
delay elements, a plurality of multipliers and an 
adder, said delay elements providing said spread 
signal with success^ delays each of an amount of ss 
1/m of a chip Interval of said spreading code, where 
m is a positive integer, said multipliers multiplying 
said spread signal and successively delayed spread 
signals by tap coefficients obtained on the basis of 



said spreading code, and said adder summing up 
outputs of said multipliers, said orthogonal filter 
Bespreading said spread signal to generate a 
despread signal; 

absolute phase estimating means for esti- 
mating received phases of a received pilot signal by 
comparing said received pilot signal included in said 
despread signal with said pilot signal of a known pat- 
tern, and for estimating a received phase of each 
information symbol in said information signal by 
interpolating said received phases of said received 
pilot signal; 

phase error compensation means for com- 
pensating received phase errors of said received 
pilot signal on the basis of estimated received 
phases of said received pilot signal, and tor compen- 
sating a phase error of each said information symbol 
on the basis of an estimated received phase of said 
information symbol; 

decision means for deciding said pilot signal 
whose phase has been compensated , and for decid- 
ing said information symbol whose phase has been 
compensated; and 

tap coefficient control means far calculating 
said tap coefficients which will minimize a mean 
square error of differences between an output of 
said phase error compensation means and an out- 
put of said decision means, and for feeding said tap 
coefficients to said orthogonal filter. 

2. The CDMA demodulator as claimed in claim 1 , char- 
acterized In that said lap coefficient control means 
calculates said tap coefficients that will minimize 
said mean square error far each symbol in said pilot 
signal, and calculates said tap coefficients that will 
minimize said mean square error for each symbol in 
said information signal. 

3. The CDMA demodulator as claimed in claim 1 , char- 
acterized in that said tap coefficient control means 
caiculatss said tap coefficients that wi) minimize 
said mean square error for each said pilot signal. 

4. The CDMA demodulator as claimed in claim 1 , char- 
acterized in that said tap coefficient control means 
calculates said tap coefficients that will minimize 
said mean square error for each said pilot signal, 

and calculates said tap coefficients that will minimize 
said mean square error far each symbol in said infor- 
mation signal, 

5. A CDMA (Code Division Multiple Access) demodu- 
lator of a receiver of a mobile station used in a COM A 
transmission system whoso toward link channels 
from a base station to mobile stations include at least 
on© pilot channel and rnuitiple traffic channels, said 
pilot channel transmitting only a pilot signal of a 
known pattern, and said traffic channels transmitting 
information signals, said CDMA transmission sys- 
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tent spreading said pilot signal and saw information 
signals into wideband signals by using spreading 
codes faster than a transmission rate of said pilot 
signal and said information signals, thereby gener- 
al ntl spread signals to perform communications j 
between said base station and said mobile stations 
in a multiple access transmission, said CDMA 
demodulate characterized by comprising; 

a pilot channel demodulating portion tor 
demodLiatirg said pilot channel; and w 

a traffic channel demodulating portion pro- 
vided tor each said traffic channel for demodulating 
said traffic channel, 

wherein said plot channel demodulating por- 
tion comprises: ts 

a pilot channel orthogonal filer including a 
plurality of delay elements, a plurality of multipliers 
and an adder, said delay elements providing said 
spread signal of said pilot channel with successive 
delays each of an amount of t/m of a chip interval 20 
of said spreading codes, where m is a positive inte- 
ger, said multipliers multiplying said spread signal 
and successively delayed spread signals of said 
pilot channel by tap coefficients of said pilot channel 
obtained on the basis of said spreading code of said SB 
pilot channel, and said adder summing up outputs 
of said multipliers, said pilot channel orthogonal titer 
despf sading said spread signal of said pilot channel 
to generate a despread signal of said pilot channel; 

phase error estimating/averaging means for 30 
esimating received phases of individual received 
pilot symbols of a recerved pilot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and for 35 
obtaining phase differences between said received 
pilot symbols and an average signal obtained by 
averaging said received phases of said received 
pilot symbols; and 

pilot channel tap coefficient control means for 40 
calculating said tap coefficients of said plot channel, 
which will minimize a mean square error of said 
phase differences between said received pilot sym- 
bols and said average signal, and for feeding said 
tap coefficients to said pilot channel orthogonal filter, 45 

wherein said traffic channel demodulating 
porf on comprises; 

a traffic channel orthogonal filter including a 
plurality of delay elements, a plurality of multipliers 
and an adder, said delay elements providing said so 
spread signal of said traffic channel with successive 
delays each of an amount of i/m of a chip interval 
of said spreading codes, where m is a positive inte- 
ger, said multipliers multiplying said spread signal 
and successively delayed spread signals of said traf- 55 
f is channel by tap coefficients of said traffic channel 
obtained on the basis of said spreading code of said 
traffic channel, and said adder summing up outputs 
of said multipliers, said traffic channel orthogonal fil- 



ter despreadlng said spread signal of said traffic 
channel to generate a despread signal of said traffic 
channel; 

traffic channel phase error compensation 

means for compensating a received phase of each 
said information symbol in said information signal 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; and 

traffic channel tap coefficient control weans 
tor calculating tap coefficients 01 saw trattic cnannei, 
and tor feeding said tap coefficients to said traffic 
channel orthogonal fitter, 

and wherein 

said demodulator further comprises decision 
means for deciding information symbols whose 
phases have been compensated, and 

said traffic channel tap coefficient control 
means calculates said tap coefficients that will min- 
imize a mean square error of differences between 
said information symbols whose phases have been 
compensated and information symbols outputted 
from said decision means, 

6. A COMA (Code Division Multiple Access) demodu- 
lator of a receiver of a mobile station used in a CDMA 
transmission system whose forward Ink channels 
from a base station to mobile stations include at least 
one pilot channel and multiple traffic channels, said 
pilot channel transmitting only a pilot signal of a 
known pattern, and said traffic channels transmitting 
information signals, said CDMA transmission sys- 
tem spreading said pilot signal and said information 
signals into wideband signals by using spreading 
codes faster than a transmission rate of said pilot 
signal and said information signals, thereby gener- 
ating spread signals to perform cenmun catio^s 
between said base station and said mobile stations 
in a multiple access transmission, said CDMA 
demodulator characterized by comprising: 

a pilot channel demodulating portion for 
aemoouiaong saw pnoi cnannei, ano 

a traffic channel demodulating portion pro- 
vided for each said traffic channel tor demodulating 
said traffic channel, 

wherein said pilot channel demodulating por- 
tion comprises: 

a matched filter including a plurality of delay 
elements, a plurality of multipliers and an adder, said 
delay elements providing said spread signal of said 
pilot channel with successive delays each of an 
amount of 1/m of a chip interval of said spreading 
codes, where m is a positive integer, said multipliers 
multiplying said spread signal and successively 
delayed spread signals of said pilot channel by tap 
coefficients of said pilot channel obtained on the 
basis of said spreading code of said pilot cnannei, 
and said adder summing up outputs of said multipli- 
ers, said pilot channel orthogonal filter despraading 
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said spread signal of said pilot channel to generate 
oespreao signal or sac plot cname , ana 

phase error estimating/averaging means tor 
estimating received phases of individual received 

pilot symbols of a received pilot signal included in § 

said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and far 
obtaining; differences between said received pilot 
symbols and an average signal obtained by averag- jq 
ing said received phases of said received pilot sym- 

wherein said traffc channel demodulating 
portion co-n arises' 

a traffic channel orifiogonal filer including a is 
plurality of delay elements, a plurality of multiplier s 
and an addar. said delay elements providing said 
spread signal of said traf (c channel with successive 
delays each of an amount of 1/m of a chip interval 
of said spreading codes, where m is a positive inte- m 
gar, said multipliers multiplying said spread signal 
and successively delayed spread signals of said traf- 
fic channel by tap coefficients of said traffic channel 
obtained on the basis of said spreading code of said 
traffic channel, and said adder summing up outputs 25 
of said multipliers, said traffic channel orthogonal fil- 
ter despreading said spread signal of said traffic 
channel to generate a despr ead signal of said traf ic 
channel; 

traffic channel phase error compensation go 
means tor compensating a received phase of each 
said information symbol in said information signal 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; and 3; 

traffic channel tap coefficient control means 
tor calculating tap coefficients of said traffic channel, 
and for feeding said tap coefficients to said traffic 
channel orthogonal filter, 

and wherein 40 

said demodulator further comprises decision 
means for deciding information symbols whose 
phases have been compensated, and 

said traffic channel tap coefficient control 
means calculates said tap coefficients that wil min- 4* 
imize a mean square error of differences between 
said information symbols whose phases have been 
compensated art information symbols oufputtad 
from said decision means, 

50 

7. A CDMA (Code Division Mutt; pie Access) demodu- 
lator used in a CDMA transmission which performs 
multiple access transmission by spreading a signal, 
which includes a frame consisting of a pilot signal of 
a known pattern and an information signal, into a ss 
wideband signal using a spreading code faster than 
each information symbol in the information signal, 
thereby oeneratino a soread sional said CDMA 
demodulator, which demodulates the spread signals 



transmitted through muiipaths by using the spread- 
ing codes, characterized by comprising for each 
path: 

an orthogonal filter inducing a plurality of 
delay elements, a plurality of multipliers and an 

adder, said delay elements providing said spread 
signal with successive delays each of an amount of 
1/m of a chip interval of said spreading code, where 
m is a positive integer, said multipliers multiplying 

said spread signal and successively delayed spread 
signals by tap coefficients obtained on the basis of 
said spreading code, and said adder summing up 

outputs of said multipliers, said orthogonal filter 
despreading said spread signal to generate a 
despread signal; 

absolute phase estimating means for esti- 
mating received phases of a received pilot signal by 
comparing said received pilot signal included in said 
despread signal with said pilot signal of a known pat- 
tern, and for estimating a received phase of each 
information symbol in said information signal by 
interpolating said received phases of said received 
pilot signal; 

phase error compensation means for com- 
pensating received phase errors of said received 
pilot signal on the basis of estimated received 
phases of said received pilot signal, and tor compen- 
sating a phase error of each said information symbol 
on the basis of an estimated received phase of said 
information symbol; and 

tap coefficient control means for calculating 
said tap coefficients and for feeding them to said 
or tnogonai titer, 

wherein said demodulator further comprises: 

a RAKE combiner for HAKE combining said 
pilot signals and said information symbols whose 
phases have been compensated, by multiplying for 
each path of said rru.lti paths said pilot signal and 
said information symbols by weighting factors; and 

decision means for deciding a RAKE com- 
bined signal, 

and wherein said tap coefficient control 
means of said each path calculates said tap coeffi- 
cients that wil minimize mean square error of differ- 
ences between an output of said phase error 
cornpensabon means of said each path and signals 
obtained by sharing in terms of power an output of 
said decision means in accordance with said weight* 
ing factors of said RAKE combiner. 

S. The CDMA demodulator as claimed in claim 7, char- 
acterized in that said tap coefficient control means 

calculates said tap coefficients that »li minimize 
said mean square error for each symbol in said pilot 
signal, and calculates said tap coefficients that will 

minimize said mean square error for each symbol in 
said information signal. 
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9. The CDMA demodulator as claimed In claim 7. char- 
acterized in that said tap coefficient control means 
calculates said tap coefficients that will minimize 

laid mean square error far each said pilot signal. 

s 

10. The CDMA demodulator as claimed in claim 7, char- 
acterized in that said tap coefficient control means 
calculates saio tap coefficients tnat win minimize 
said mean square error for each said pilot signal, 
and calculates said tap coefficients that will minimize i o 
said mean ecu are error for each symbol in said infor- 
mation signal. 

11. The CD MA demodulator as claimed in claim 7, char- 
acterized in that said weighting factors ire recerved is 

SIRs {Signal-to- interference Ratios) of individual 
paths of said rnulfipaths. 

12. A CDMA (Code Division Multiple Access) demodu- 
lator of a receiver of a mobile station used in a CDMA m 
transmission system whose forward link channels 

from a base station to mobile stations include at least 
one pilot channel and multiple traffic channels, said 
pilot channel transmitting only a pilot signal of a 
known pattern , and said traffic channels transmitting ss 
information signals, said CDMA transmission sys- 
tem spreading said pilot signal and said information 
signals into wideband signals by using spreading 
codes faster than a transmission rate of said pilot 
signal and said information signals, thereby gener- so 
atiog spread signals to perform communications 
between said base station and said mobile stations 
in Multiple access transmission, said CDMA demod- 
ulator, which demodulates the spread signals trans- 
mitted through mult paths by using the spreading m 
codes characterized bv comorisino for each oath of 
said mult path s; 

a pilot channel demodulating portion tor 
demodulating said pilot channel; and 

a traffic channel demodulating portion pro- *o 
vicled for each said traffic channel tor demodulating 
said traffic channel, 

wherein said oilof channel demodulation oor- 

a pilot channel orthogonal filar including a * 
plurality of delay elements, a plurality of multipliers 
and an adder, said delay elements providing said 
spread signal of said pilot channel with successive 
delays each of an amount of 1/m of a chip interval 
of said spreading codes, where m is a positive inte- so 
gar, said mult-piers multiplying said spread signal 
and successively delayed spread signals of said 
piiot cnannei By tap coefficients or sao puotcnannei 
obtained on the basis of said spreading code of said 
plot channel, and said adder summing up outputs ss 
of said multipliers, said pilot channel orthogonal! iter 
despreading said spread signal of said pilot channel 
to generate a despread signal of said pilot channel; 

phase error estimating/averaging means tor 



estimating received phases of individual received 

pilot symbols of a received pilot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and for 
obtaining phase differences between said received 
pilot symbols and an average signal obtained by 
averaging said received phases of said received 
pilot symbols; and 

pilot channel tap coefficient control means for 
calculating said tap coefficients of said pilot channel, 
which will minimize a mean square error of said 
phase differences between said received pilot sym- 
bols and said average signal, and tor feeding said 
tap coefficients to said pi lot channel orthogonal filter, 

wherein said traffic channel demodulating 
portion comprises; 

a traffic channel orthogonal filter including a 
plurality of delay elements, a plurality of multipliers 
and an adder, sa d delay elements providing said 
spread signal of said traf ic channel with successive 
delays each of an amount of 1/m of a chip interval 
of said spreading codes, where m is a positive inte- 
ger, said multipliers multiplying said spread signal 
and successively delayed spread signals of said traf- 
tie cnannei oy tap coefficients ot saw traffic cnannei 
obtained on the basis of said spreading code of said 
traffic channel, and said adder summing up outputs 
ot sau multipliers, saio trait ic cnannei ortnogonai til- 
ler despreading said spread signal of said traffic 
channel to generate a despread signal of said traffic 
channel; 

traffic channel phase error compensation 
means for compensating a received phase of each 

said information symbol in said information signal 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said Information symbol ; and 

traffic channel tap coefficient control means 
for calculating tap coefficients of said traffic channel, 
and for feeding said tap coefficients to said traffic 
channel orthogonal filter, 

and wherein said demodulator further com- 
prises: 

a RAKE combiner for RAKE combining said 

information symbols whose phases have been com- 
pensated, by multiplying for each path of said multi- 
paths said information symbols by weighing factors ; 
and 

decision means for deciding a RAKE com- 
bined signal, 

and wherein said traffic channel tap coeffi" 
oi ent control means of said each path calculates said 
tap coefficients that will minimize mean square error 
of differences between an output ot said traffic chan- 
nel phase error compensation means of said each 
path and one of signals obtained by sharing in terms 
of power an output of said decision means in acoord- 
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ance with sad weighing factors of said RAKE com- 
biner. 



18. The CDMA demodulator as claimed in claim 12. 
characterized in that said weighting factors are s 
received SIRs (Signal -to- Interference Ratios) of 

Individual paths of said multipaths. 

14. A CDMA (Code Division Multiple Access) demodu- 
lator of a receiver of a mobile station used in a CDMA to 

transmission system whose forward link channels 
from a base station to mobile stations include at toast 
one pilot channel and multiple traffic channels, said 
plot channel transmitting only a pilot signal of a 
known pattern, and said faff ic channels transmitting is 
information signals, said CDMA transmission sys- 
tem spreading said pilot signal and said information 
signals into wideband signals by using spreading 
codes faster than a transmission rate of said pilot 
signal and said information signals, thereby gener- so 
ating spread signals to perform communications 
between said base station and said mobile stations 
in multiple access transmission, said CDMA demod- 
ulator, which demodulates the spread signals trans- 
mitted through imiltipafhs by using the spreading ss 
codes, characterized by comprising for each path of 
said multipaths; 

a pilot channel dsmodulafing portion for 
demodulating said pilot channel; and 

a traf Ic channel demodulating portion pro- » 
vided for each said traffic channel for demodulating 
said traffic channel, 

wherein said pilot channel demodulating por- 
tion comprises 

a pilot channel matched filter including a plu- as 
rafity of delay elements, a plurality of multipliers and 
an adder, said delay elements providing said spread 
signal of said pilot channel with successive delays 
each of an amount of 1/m of a chip interval of said 
spreading codes, where m is a positive integer, said 46 
multipliers multiplying said spread signal and suc- 
cessively delayed spread signals of said pilot chan- 
nel by tap coefficients of said pilot channel obtained 
on the basis of said spreading code of said pilot 
channel, and said adder summing up outputs of said <s 
nulipliers, said pilot channel matched filter 

to generate a despread signal of said pilot channel; 
and 

phase error estimating/averaging means for so 
estimating received phases of individual received 
pilot symbols of a received pilot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and for ss 
obtaining differences between said received plot 
symbols and an average signal obtained by averag- 
ing said received phases of said received pilot sym- 
oofs. 



wherein said tralic channel demodulating 
portion comprises; 

a traffic channel orthogonal filar including a 
plurality of delay elements, a plurality of multipliers 
and an adder, said delay elements providing said 
spread signal of said traffic channel with successive 
delays each of an amount of 1/m of a chip interval 
of said spreading codes, where m is a positive Inte- 
ger, said multipliers multiplying said spread signal 
and successively delayed spread signals of said traf- 
fic channel by tap coefficients of sail traf ic channel 
obtained on the basis of said spreading coda of said 
traffic channel, and said adder summing up outputs 
oi saia muitpiiers, saia iraiticciiannei orwogonai ni- 
ter dsspreading said spread signal of said traffic 
channel to generate a despread signal of said traffic 
crtsnnai, 

traffic channel phase error compensation 
means for compensating a received phase of each 

said information symbol in said information signal 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; and 

traffic channel tap coefficient control means 
for calculating tap coefficients of said traffic channel , 
and for feeding said tap coefficients to said traffic 
channel orthogonal filter, 

and wherein said demodulator further com- 
prises: 

a RAKE combiner for RAKE combining said 
information symbols whose phases have been com- 
pensated, by multiplying for each path of said multi- 
paths said information symbols by weighting factors; 
and 

decision means for deciding a RAKE com- 
bined signal, 

and wherein said traffic channel tap coeffi- 
cient control means of said each path calculates said 
tap coefficients that will minimize mean square error 
of differences between an output of said traffic chan- 
nel phase error compensation means of said each 
pain ana one or signals ootainea oy snaring in terms 
of power an output of said decision means in accord- 
ance with said weighting factors of said RAKE com- 
biner, 

15. The CDMA demodulator as claimed in claim 14, 
characterized in that said weighting factors are 
received SIRs (Signal-to- Interference Ratios) of 
individual paths of said multipaths, 

16. A CDMA (Code Division Multiple Access) transmis- 

ston system carrying out communications between 
abase station and mobile stations in multiple access 

transmission by using spread signals generated by 
spreading information signals into wideband signals 
using spreading codes whose rate is higher than a 
transmission rate of said information signals, said 
ujma transmission system inducing forward linn 
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channels from the base station to the mobile sta- 
tions, «ach of said forward link channels character- 
ized by comprising: 

at least ons pilot channel for transmitting only 
a pilot signal of a known pattern ; and § 

a plurality of traffic channels tor transmitting 
said information signals 

1 7. The CDMA transmission system as claimed in claim 

1 6, characterized in that said spreading codes com- io 

prise an interval identical to an interval of an infor- 
mation symbol of said information signals, 

18, The COM A transmission system as claimed in claim 

1 6 characterized in that a demodulator of a receiver w 
of said mobile stations comprises: 

a pilot channel demodulating portion for 
demodulating said pilot channel; and 

a traffic channel demodulating portion pro- 
vided for each said traffic channel for demodulating m 
said traffic channel, 

wherein said pilot channel demodulating por- 
tion corrprises; 

a plot channel orthogonal filter including a 
plurality of delay elements, a plurality of multipliers 2s 
and an adder, said delay elements providing said 
spread signal of said pilot channel with successive 
delays each of an amount of 1/m of a chip interval 
of said spreading codes, where m is a positive inte- 
ger, said multipliers multiplying said spread signal so 
and successively delayed spread signals of said 
pilot channel by tap coefficients of said pilot channel 
obtained on the basis of said spreading code of said 
pilot channel, and said adder summing up outputs 
of said mulf pi iers, said pilot channel orthogonal filter as 
despreading said spread signal of said pilot channel 
to generate a despread signal of said pilot channel; 

phase error estimating/averaging means for 
estimaino received chases of individual received 
pilot symbols of a received pilot signal included in 40 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and for 
obtaining phase differences between said received 
pilot symbols and an average signal obtained by 4$ 
averaging said received phases of said received 
pilot symbols; and 

pilot channel tap coefficient control means for 
calculating said top coefficients of said pilot channel, 
which will minimize a mean square error of said so 
phase differences between said received plot sym- 
bols and said average signal, and for feeding said 
tap coefficients to sax) pilot channel orthogonal filter, 

wherein said traffic channel demodulating 
portion comprises: ss 

a traffic channel orthogonal filter including a 
plurality of delay elements, a plurality of multipliers 
and an adder, said delay elements providing said 
spread signal of said traffic channel with successive 



delays each of an amount of 11m of a chip interval 
of said spreading codes, where m is a positive inte- 
ger, said multipliers multiplying said spread signal 
and successively delayed spread signals of said traf- 
tic cnannei oy tap coefficients of sac tranic cnannei 
obtained on the basis ot said spreading code of said 
traffic channel, and said adder summing up outputs 
of said multipliers, said traffic channel orthogonal fil- 
ter despreading said spread signal of said traffic 
channel to generate a despread signal of said traffic 
channel; 

traffic channel phase error compensation 
means for compensating a received phase of each 
sad information symooi in saw imormauon signal 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; and 

traffic channel tap coefficient control means 
for calculating tap coefficients of said traffic channel, 
and tor feeding said tap coefficients to said traffic 
channel orthogonal filter, 

and wherein 

said demodulator further comprises decision 
means tor deciding information symbols whose 
phases have been compensated, and 

said traffic channel tap coefficient control 
means calculates said tap coefficients that will min- 
imize a mean square error of differences between 
said information symbols whose phases have been 
compensated and information symbols outputted 
from said decision means. 

1 S. The CDMA transmission system as claimed in claim 

16, characterized in that a demodulator of a receiver 
of said mobile stations comprises: 

a pilot channel demodulating portion for 
demodulating said pilot channel; and 

a traffic channel demodylatimg portion pro- 
vided for each said traffic channel for demodulating 
said traffic channel, 

wherein said pilot channel demodulating por- 
tion comprises: 

a matched filter including a plurality of delay 
elements, a plurality of multipliers and an adder, said 
delay elements providing said spread signal of said 
pilot channel with successive delays each of an 
amount of 1/m of a chip interval of said spreading 
codes, where m is a positive integer, said multipliers 
multiplying said spread signal and successively 
delayed spread signals of said pilot channel by tap 
coefficients of said pilot channel obtained on the 
basis of said spreading code of said pilot channel, 
and said adder summing up outputs of said multipli- 
ers, said pilot channel orthogonal filer despreading 
said spread signal of said pilot channel to generate 
a despread signal of said pilot channel; and 

phase error estimating/averaging means for 
estimating received phases of individual received 
pilot symbols of a received pilot signal included in 
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said despread signal of uud pilot channel by com- 
paring raid received pilot signal with said plot signal 
of a known pattern of sard pilot channel, art for 

obtaining differences between said received plot 
symbols and an average signal obtained by averag- g 
ing said received phases of said received pilot syrr- 

whsrein said traffic channel demodulating 
portion comprises: 

a traffic channel orthogonal filter indudini a « 
plurality of delay elements, a plurality of multipliers 
and an adder, said delay elements providing said 
spread signal of said traffic channel with successive 
delays each of an amount of 1/m of a chip interval 
of said spreading codes where m is a positive inte- is 
gar, said multipliers multiplying said spread signal 
and successively delayed spread signals of said traf- 
fic channel by tap coefficients of said traffic channel 
obtained on the basis of said spreading code of said 
traffic channel, and said adder summing up outputs x 
of said multipliers, said traffic channel orthogonal fil- 
ter despreading said spread signal of said traffic 
channel to generate a despread signal of said traffic 
channel; 

traffic channel phase error compensation 2§ 
means tor compensating a received phase of each 
said information symbol in said information signal 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; and so 

traffic channel tap coefficient control means 
far calculating tap coefficients of said traf Ic channel, 
and for feeding said tap coefficients to said traffic 
channel orthogonal filer, 

and wherein as 

said demodulator farther comprises decision 
means for deciding information symbols whose 
phases have been conrponsated, and 

saw tratnc cnannei tap coefficient control 
means calculates said tap coefficients that will min- 
imize a mean square error of differences between 
said information symbols whose phases have been 
compensated and information symbols ojlputted 
from said decision means. 

20. The CDWA transmission system as claimed in claim 

1 6. characterized in that a demodulator of a receiver 
of said mobile stations comprises tor each path of 
saio muitipatns. 

a pilot channel demodulating portion tor so 
demodulating said pilot channel; and 

a traffic channel demodulating portion pro- 
vided for each said traffic channel far demodulating 
said traffic channel, 

wherein said pilot channel demodulating por- ss 
tiort comprises" 

a pilot channel orthogonal filter including a 
plurality of delay elements, a plurality of multipliers 
and an adder, said delay elements providing said 



spread signal of said pilot channel with successive 
delays each of an amount of 1/m of a chip Interval 
of said spreading codes, where m is a posilve Inte- 
ger, said multipliers multiplying said spread signal 
and successively delayed spread signals of said 
pilot channel by tap coef icients of said pilot channel 
obtained on the basis of said spreading code of said 
pilot channel, and said adder summing up outputs 
of said multipliers, said plot channel orthogonal filter 
despreading said spread signal of said pilot channel 
to generate a despread signal of said pilot channel; 

phase error esimaf ng/averaging means for 
estimating received phases of individual received 
pilot symbols of a received pilot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and tor 
obtaining phase differences between said received 
pilot symbols and an average signal obtained by 
averaging said received phases of said received 
pilot symbols; and 

oilot channel tao coefficient control means tor 

§ta*8k % 1#8 88 8%p#* W w*8 "¥"V1 *8> 8 8.8 %S8 8 1 3%?m.t BV8 

calculating said tap coefficients of said pilot channel , 
which will minimize a mean square error of said 
phase differences between said received pilot sym- 
bols and said average signal, and for feeding said 
tap coefficients to said pilot channel orthogonal filter, 
wherein said traffic channel demodulating 

a traffic channel orthogonal filter including a 
plurality of delay elements, a plurality of multipliers 
and an adder, said delay elements providing said 
spread signal of said traffic channel with successive 
delays each of an amount of t/m of a chip interval 
of said spreading codes, where m is a positive inte- 
ger, said multipliers multiplying said spread signal 
and successively delayed spread signals of said traf- 
fic channel by tap coefficients of said traffic channel 
obtained on the basis of said spreading code of said 
traffic channel, and said adder summing up outputs 
ot saw mutupiers, sao tramc cnannei ortnogonai tit- 
ter despreading said spread signal of said traffic 
channel to generate a despread signal of said traffic 
channel; 

traffic channel phase error compensation 
means for compensating a received phase of each 
said information symbol in said information signal 

inciuoeo in saw oespreao signal cr saio tranc cnan- 
nei on the basis of said received phase of said pilot 
symbol corresponding said information symbol; and 

traffic channel tap coefficient control means 
far calculating tap coefficients of said traffic channel , 
and tor feeding said tap coefficients to said traffic 
cnannei ortnogonai titer, 

and wherein said demodulator further com- 
prises: 

a RAKE combiner for RAKE combining said 
pilot signal and said information symbols whose 
phases have been compensated, by multiplying for 
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eacn pan of sac muiipains sac pilot signal ano 
said information symbols by weighting factors; and 

decision means fef deciding a RAKE com- 
bined signal, 

and wherein said traffic channel tap coeft- « 

uddfe jmjn, gnt&mtm. I «™™ jjf.jn.iram, -k.ni.f4 #%ra suit*, ra™f5«*l«i. **«sbJ «n al J*** U 

ctant coniroi means ot saio eacn patn calculates saw 
tap coefficients that will minimize mean square error 
of differences between an output of said traffic chan- 
nel phase error compensation means of said each 
path and one of signais obtained by sharing In terms w 
of power an output of said decision means In accord- 
ance with said weighing factors of Slid RAKE com- 
biner, 

21. The CDMA tansmission system as claimed in claim « 
1 6, characterized in that a demodulator of a receiver 
of saio mooie stations comprises tor eacn pain of 
said multipaths: 

a pilot channel demodulating port on for 
demodulating said pilot channel; and w 

a traffic channel demodulating portion pro- 
vided for each said traffic channel for demodulating 

j#s.£,wi3 JWiswtti** J ft»iW.g«i 3 ra-d#fe 

saio tratr:c cnannei, 

wherein said pilot channel demodulating por- 
tion comprises; ss 

a pilot channel matched filter including a plu- 
rality of delay elements, a plurality of multipliers and 
an adder, said delay elements providing said spread 
signal of said pilot channel with successive delays 
each of an amount of 1/m of a chip interval of said » 
spreading codes, where m is a positive integer, said 
multipliers multiplying said spread signal and suc- 
cessively delayed spread signais of said pilot chan- 
nel by tap coefficients of said pilot channel obtained 
on the basis of said spreading coda of said plot ss 
channel, and said adder summing up outputs of said 
multipliers, said pilot channel matched filter 
despreading said spread signal of said pilot channel 
to generate a despread signal of said pilot channel; 
and 40 

phase error estimating/averaging means for 
estimating received phases of individual received 
plot symbols of a received plot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 4S 
of a known pattern of said pilot channel, and tor 
obtaining differences between said received pilot 
symbols and an average signal obtained by averag- 
ing said received phases of said received pilot sym- 
bols, so 

wherein said trafic channel demodulating 
portion comprises: 

a traffic channel orthogonal filter including a 
plurality of delay elements, a plurality of multipliers 
and an adder, said delay elements providing said ss 
spread signal of said traffic channel with successive 
delays each of an amount of 1/m of a chip interval 
of said spreading codes, where m is a positive irtte- 
par, sato multipliers muriipipnrj said spread signal 



and successively delayed spread signals of said traf- 
fic channel by tap coefficients of said traffic channel 
obtained on the basis of said spreading code of said 
traffic channel, and said adder summing up outputs 
ct saio muiipters, saio traffic cnannei omogonai fil- 
ter despreading said spread signal of said traffic 
channel to generate a despread signal of said traffic 
channel; 

traffic channel phase error compensation 
means for compensating a received phase of each 
said information symbol in said information signal 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said Information symbol; and 

traffic channel tap coefficient control means 
for calculating tap coefficients of said traffic channel, 
and for feeding said tap coefficients to said traffic 
channel orthogonal filter, 

and wherein said demodulator further com- 
prises: 

a RAKE combiner for BAKE combirvng said 
pilot signal and said information symbols whose 
phases have been compensated, by multiplying for 

each path ot said multipaths said pilot signal and 
said information symbols by weighting factors; and 

decision means for deciding a RAKE com- 
bined signal, 

and wherein said traffic channel tap coeffi- 
ci ent control means of said each path calculates said 
tap coefficients that will minimize mean square error 
of differences between an output of said trafic chan- 
nel phase error compensation means of said each 
path and one of signais obtained by sharing in terms 
of power an output of said decision means in accord- 
ance with said weighting factors of said RAKE com- 
biner, 

22. A CDMA {Code Division Multiple Access) demodu- 
lation method used in a CDMA transmission which 
parforms multiple access transmission by spreading 
a signal, which includes a frame consisting of a pilot 
signal of a known pattern and an information signal, 
into a wideband signal using a spreading code faster 
than each information symbol in the information sig- 
nal, thereby general ng a spread signal, said CDMA 
demodulation method, which demodulates the 
spread signal by using the spreading cede, charac- 
terized by comprising: 

a step of oulp utting a despread signal by pro- 
viding said spread signal with successive delays 
each of an amount of 1/m of a chip interval of said 
spreading code, where m is a positive integer, by 
multiplying said spread signal and successively 
delayed spread signals by tap coefficients obtained 
on the basis of said spreading code, and by sum- 
ming up results of multiplications to despread said 
spread signal; 

an absol ute pbass estimating step of estimat- 
ing received phases of a received pilot signal by 
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comparing said received pilot signal included in said 
despread signal with said pilot signal of a known pat- 
tern, and of estimating a received phase of each 
information symbol in said information sigttsil by 
interpolating said received phases of said received 
pilot signal; 

a phase error compensation step of compen- 
sating received phase errors of said received pilot 
signal on the basis of estimated received phases of 
said received pilot signal, and of compensating a 
phase error of each said information symbol on the 
basis of an estimated received phase of said infor- 
mation symbol; 

a decision step of deciding said pilot signal 
whose phase has been compensated, and of decid- 
ing said informal on symbol whose phase has been 
compensated: and 

a tap coefficient calculation step of calculat- 
ing said tap coefficients which will minimize a mean 
square error of differences between an output of 
said phase error compensation step and an output 
of said decision step. 

23. The CDMA demodulation method as claimed in 
claim d,d, enaractenzao m tnst saio tap coefficient 
calculation step calculates said tap coefficients that 
will minimize said mean square error for each sym- 
bol in said pilot signal, and calculates said tap coef- 
ficients that will minimize said mean square error tor 
each symbol in said information signal. 

24. The CDMA demodulation method as claimed in 
claim 22 characterized in that said tap coefficient 

calculation step calculates said tap coefficients that 
will minimize said mean square error for each said 

25. The CDMA demodulation method as claimed in 
claim 22, characterized in that said tap coefficient 

calculation step calculates said tap coefficients that 
will minimize said mean square error tor each said 
pilot signal, and calculates said tap coefficients that 
will minimize said mean square error for each sym- 
ooi in saio information signal. 

26. A CDMA (Code Division Multiple Access) demodu- 
lation method of a receiver of a mobile station used 
In a CDMA transmission system whose forward link 
channels from a base station to mobile stations 
include at least one pilot channel and multiple traffic 
channels, said pilot channel transmitting only a pilot 
signal of a known pattern, and said traffic channels 
transmitting information signal 6. said CDMA trans- 
mission system spreading ssid plot signal and said 
information signals into wideband signals by using 
spreading codes faster than a transmission rate of 
said pilot signal and said information signals, 
thereby generating spread signals to perform com- 
munications between said base station and said 



mobile stations in a multiple access transmission, 
said CDMA demodulation method characterized by 
comprising: 

a step of outputfing a despread signal of said 

« pilot signal by providing said spread signal of said 
pilot channel with successive delays each of an 
amount of 1 /m of a chip interval of said spreading 
codes, where m is a positive integer, by muftpty ng 
said spread signal and successively delayed spread 

io signals of said pilot channel by tap coefficients of 
said oiot channel obtained on the basis of said 
spreading code of said pilot channel, and by sum- 
ming up results of multiplications to despread said 
spread signal of said pilot channel; 

is a phase error sstimating/averaglng step of 

est mating received phases of individual received 
pilot symbols of a received pilot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 

go of a known pattern of said pilot channel, and of 
obtaining phase differences between said received 
pilot symbols and an average signal obtained by 
averaging said received phases of said received 
pilot symbols; 

25 a step of calculating said tap coefficients of 

said pilot channel, which will minimize a mean 
square error of said phase differences between said 
received pilot symbols and said average signal; 
a step of outputting a despread signal of said 

so traffic channel by providing said spread signal of 
said traffic channel with successive delays each of 
an amount of 1 An of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying 
said spread signal and successively delayed spread 

35 signals of said traffic channel by tap coefficients of 
saici traffic cnannei ootaineci on tre oasis of saio 
spreading code of said traffic channel, and by sum- 
ming up results of multiplications to despread said 
spread signal of said traffic channel; 

m a traffic channel phase error compensation 

step of compensating a received phase of each said 
information symbol in said information signal 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 

4s symbol corresponding said information symbol; 

a decision step of deciding information sym- 
bols whose phases have been compensated; and 

a step of calculating said tap coefficients that 
will minimize a mean square error of differences 

50 between said information symbols whose phases 
have been compensated and information symbols 
which have been decided, 

27. A CDMA (Code Division Multiple Access) demodu- 

ss iaffoo method of a receiver of a mobile station used 
in a CDMA transmission system whose forward Ink 
channels from a base station to mobile stations 
include at toast one pilot channel and multiple traffic 
cnanneis, saio pact cnannei iransmininp omy a pnoi 
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signal of 8 known pattern, and said traffic channels 
transmitting information signals, said CDMA trans- 
mission system spreading said pilot signal and said 
information signals into wideband signals by using 
spreading codes faster than I transmission rate of 
said pilot signal and said information signals, 
thereby generating spread signals to perform com- 
munications between said base station and said 
mood* stations in a multiple access transmission, 
said CDMA demodulation method characterized by 
comprising; 

a step of outputting a despread signal of said 
pilot signal by providing said spread signal of said 
pilot channel with successive delays each ot an 
amount of l/m of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying 
said spread signal and successively delayed spread 
signals of said pilot channel by tap coefficients of 
said pilot channel obtained on the basis of said 
spreading code of said pilot channel, and by sum- 
ming up results of multiplications to despread said 
spread signal of said pilot channel; 

a phase error esfmating/aweraging step of 
estimating received phases of Individual received 
. pilot symbols of a received pilot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and of 
obtaining differences between said received pilot 
symbols and an average signal obtained by averag- 
ing said received phases of said received pilot sym- 
bols; 

a step of outputting a despread signal of said 
traffic channel by providing said spread signal of 
said traiic channel with successive delays each of 
an amount of 1 fm of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying 
said spread signal and successively delayed spread 
signals of said traiic channel by tap coefficients of 
said traffic channel obtained on the basis of said 
spreading code of said traffic channel, and by sum- 
ming up results of multiplications to despread said 
spread signal of said traffic channel; 

a traffic channel phase error condensation 
step of compensating a received phase of each said 
information symbol in said information signal 
included in said despread signal of said traiic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; 

a step of deciding Information symbols whose 
* : .•.'.-•j-j have been compensated; and 

a step of calculating said tap coefficients that 
will minimize a mean square error of differences 
between said information symbols whose phases 
have been compensated and information symbols 
which have been decided. 

38. A CDMA (Code Division Multiple Access) demodu- 
lation method used in a CDMA transmission which 



performs multiple access transmission by spreading 
a signal, which includes a frame consisling of a pilot 
signal of a known pattern and an information signal, 
into a wideband signal using a spreading cociefaster 
5 than each information symbol in the information gig - 
rial, thereby generating a spread signal, said CDMA 
demodulation method, which demodulates the 
spread signals transmitted through muitipaths by 
using the spreading codes, characterized by com- 
ic prising tor each path: 

a step of oytputting a despread signal by pro- 
viding said spread signal with successive delays 
each of an amount of 1/m of a chip interval of said 
spreading code, where m is a positive integer, by 
is multiplying said spread signal and successively 
delayed spread signals by tap coefficients obtained 
on the basis of said spreading code, and by sum- 
ming up results of multiplications to despread said 
spread signal; 

20 an absolute phase estimating step of estimat- 

ing received phases of a received pilot signal by 
comparing said received pilot signal included in said 
despread signal with said pilot signal of a known pat- 
tarn, and of estimating a received phase of each 

ss information symbol in said information signal by 
interpolating said received phases of said received 
pilot signal; 

a phase error compensation step of compen- 
sating received phase errors of said received pilot 

30 signal on the basis of estimated received phases of 
said received pilot signal, and of compensating a 
phase error of each said information swmboi on the 
basis of an estimated received phase of said infor- 
mation symbol; 

3« a RAKE combining step of RAKE combining 

said pilot signals and said information symbols 
whose phases have been compensated, by mufti pi y 
ing lor each path of said muitipaths said pilot signal 
and said information symbols by weighting factors; 

40 a decision step of deciding a RAKE combined 

signal; and 

a step of calculating said tap coefficients that 
wil minimize mean square error of differences 
between an output of said phase error compensa- 
te tion step of said each path and signals obtained by 
sharing in terms of power an output of said decision 
step in accordance with said weighting factors of 
said BAKE combining. 

so 29. The COMA demodulation method as claimed In 

claim 26. characterized in that said tap coefficient 
calculation step calculates said tap coefficients that 
will minimize said mean square error for each sym- 
bol in said pilot signal, and calculates said tap coal- 
ss f icients that will minimize said mean square error for 
each symbol in said information signal. 

30. The CDMA demodulation method as claimed in 
claim 28, characterized in that said tap coefficient 
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caculabon step calculates said tap coefficients that 

will minimize said mean square error for each sad 
pilot signal 

31. Tie CDMA demodulation method as claimed in s 

claim 28, characterized in that said tap coefficient 
calculation stop calculates said tap coefficients that 
will minimize said mean square error for each said 
pilot signal, and calculates said tap coefficients that 
will minimize said mean square error for each sym- 10 
bo! in said information signal, 

32. The CDMA demodulation method as claimed in 
claim 28, characterized in that said weighting factors 
are received SIRs (Signal-to-interference Ratios) of is 
individual paths of said multipaths. 

83. A CDMA (Code Division Multiple Access) deroodu- 
lation method of a receiver of a mobile station used 
in a CDMA transmission system whose forward link m 
channels from a base station to mobile stations 
include at least one pilot channel and multiple traffic 
channels, said piiot channel transmitting only a pilot 
signal of a known pattern, and said traffic channels 
transmitting information signals, said CDMA trans- ss 
mission system spreading said pilot signal and said 
information signals into wideband signals by using 
spreading codes faster than a transmission rate of 
said pilot signal and said information signals, 
thereby generating spread signals to perform com- so 
munications between said base station and said 
mobile stations in multiple access transmission, said 
CDMA demodulation method, which demodulates 
the spread signals transmitted through multipaths by 
using the spreading codes, characterized by com- 35 
prising for each path of said multipaths: 

a step of outputting a despread signal of said 
piiot channel by providing said spread signal of said 
pilot channel with successive delays each of an 
amount of 1/m of a chip interval of said spreading 40 
codes, where m Is a positive integer, by multiplying 
said spread signal and successively delayed spread 
signals of said pilot channel by tap coefficients of 
said pilot channel obtained on fie basis of said 
spreading code of said pilot channel, and by sum- 45 
rrsing up results of multiplications to despread said 
spread signal of said pilot channel; 

a phase error estimating/averaging step ol 
estimating received phases of individual received 
pilot symbols of a received pilot signal included in so 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and of 
obtaining phase differences between said received 
piiot symbols and an average signal obtained by m 
averaging said receii/ed phases of said received 
plot symbols; 

a steo of calculaina said tao coefficients of 
said pilot channel, which will minimiie a maun 



spare error of said phase differences between said 
received pilot symbols and said average signal; 
a step of outputting a despread signal of said 

traffic channel by providing said spread signal of 
said traffic channel with successive delays each of 
an amount of 1 An of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying, 

said spread signal and successively delayed spread 
signals of said traffic channel by tap coefficients of 
said traffic channel obtained on the basis of said 
spreading code of said traffic channel, and by sum* 
ming up results of multiplications to despread said 
spread signal of said traffic channel; 

a traffic channel phase error compensation 
step of compensating a received phase of each said 
information symbol in said Information signal 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; 

a RAKE combining step of RAKE combining 
said information symbols whose phases have bean 
compensated, by multiplying for each path of said 
multipaths said information symbols by weighting 
factors; 

a decision step of deciding a RAKE combined 
signal; and 

a step of calculating said tap coefficients that 
will minimize mean square error of differences 
between an output of said traffic channel phase error 
compensation step of said each path and one of sig- 
nals obtained by sharing in terms of paver an output 
of said decision step in accordance with said weight- 
ing factors of said RAKE combining. 

34. The CDMA demodulation method as claimed in 

claim33. characterized in that said weighting factors 
are received 5 IBs (Signal-to- Interference Ratios) of 
individual paths of said multipaths, 

35. A CDMA (Code Division Multiple Access) demodu- 
lation method of a receivsr of a mobile station used 
in a COMA transmission system whose forward link 
channels from a base station to mobile stations 

include at least one pilot channel and multiple traffic 
channels, said pilot channel transmitting only a pilot 
signal of a known pattern, and said traffic channels 

*ws***»**m4#.***« s*t»*,%#X.«% #*!*w***l*% A^K* fc,***,, 

wansmititng i tot matron signals, saio wuma trans- 
mission system spreading said pilot signal and said 

inwrrnaiion signals into wioeoanci signals oy using 
spreading codes faster ftian a transmission rata of 
said pilot signal and said information signals, 
thereby generating spread signals to perform com- 
munications between said base station and said 
mobile stations in multiple access transmission, said 
CDMA demodulation method, which demodulates 
tne spread signals transmineci tnrougri muitipatns oy 
using the spreading codes, characterized by com- 

**«**»%*, #***« A**#*fca ****** #*l **«*J ,4*,w%**#i«s**. 

prising lor eacn pam ot saw muiipains, 

a ******* **# ****, ,**;!**** ** **!****** „**#wj **1m,***I **# ******* 
step oi outputting a cespreaa signal or saio 
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pilot channei by providing said spread signal of said 
pilot channel with successive delays each of an 
amount of 1/m of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying 
said spread signal and successively delayed spread $ 
signals of said pilot channel by tap coefficients of 
said pilot channel obtained on the basis of said 
spreading coda of said pilot channel, and by sum- 
ming up results of multiplications to despread said 
spread signal of said pilot channel; to 

a phase error estimating/averaging step of 
estimating received phases of individual received 
pilot symbols of a received pilot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 15 
of a known pattern of said pilot channel, and of 
obtaining differences between said received pilot 
symbols and an average signal obtained by averag- 
ing said received phases of said received pilot sym- 
bols; 20 

a step of outputting a despread signal of said 
traffic channel by providing said spread signal of 
said traffic channel with successive delays each of 
an amount of 1/m of a chip interval of said spreading 
codas, where m is a positive integer, by multiplying & 
said spread signal and successively delayed spread 
signals of said traffic channel by tap coefficients of 
said traffic channel obtained on the basis of said 
spreading code of said traiic channel, and by sum- 
ming up results of multiplications to despread said 30 
spread signal of said traffic channel; 

a traffic channel phase error compensation 
step ol compensating a received phase of each said 
information symbol in said information signal 
includ ed in said despread sig nal of said traffic chan - 35 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; 

a RAKE combining step of RAKE combining 
said information symbols whose phases have been 
compensated, by multiplying for each path of said 40 
multipaths said information symbols by weighting 
factors; 

a decision step of deciding a RAKE combined 
signal; and 

a step of calculating said tap ooeff icients that 45 
will minimize mean square error of differences 
between an output of said traiic channel phase error 
compensation step of said each path and one of sig- 
nals obtained fay sharing in terms of power an output 
of said decision step In accordance with said weight- so 
ing factors of said RAKE combining. 

38. The COMA demodulation method as claimed in 
claim 49, crwawenzea in mat ssu wiigosng laotors 

are received SIRs Pgnat-to-lnterfer ence Ratios) of as 
individual paths of said mull paths, 

37. A CDMA (Code Division Multiple Access) transmis- 
sion method carrying out communications between 



a base station and mobile stations in multiple access 

transmission by using spread signals generated by 
spreading information signals into wideband signals 
using spreading codes whose rale is higher than a 

transmission rate of said information signals, said 
CDMA method characterized by comprising; 

a step ol transmitting from said base station 

feat gate art., I *«^B^WIi^ urn* J&l;^ sfflfesto Apuliir *m wffl,tljfl&l*< sate t .*&>,$• -m, l^w*.fl^an*p% 

to saw mooite stations oniy a pilot signal or a Known 
pattern through at least ore pilot channel; and 

a step of transmitting said information signals 
through a plurality of traffic channels. 

38. The CDMA transmission method as claimed in claim 

37, characterized in that said spreading codes com- 
prise an interval identical to an interval of an infor- 

nation symbol of said information signals, 

39. The CDMA transmission method as claim edin claim 
37, characterized in that a demodulation method of 
a receiver of said mobile stations comprises; 

a step of outputting a despread signal of said 
pilot channel by providing said spread signal of said 
pilot channel with successive delays each of an 
amount of 1/m of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying 
said spread signal and successively delayed spread 
signals of said pilot channel by tap coefficients of 
said pilot channel obtained on the basis of said 
spreading code of said pilot channei, and by sum- 
ming up results of multiplications to despread said 
spread signal of said pilot ehannel; 

a phase error estimating/averaging step of 
estimating received phases of individual received 
pilot symbols of a received pilot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and of 
obtaining phase differences between said received 
pilot symbols and an average signal obtained by 
averaging said received phases of said received 
pilot symbols; 

a pilot channel tap coefficient calculation step 
of calculating said tap coefficients of said pilot chan- 
nel, which will minimize a mean square arror of said 
phasa differences between said received pilot sym- 
bols and said average signal; 

a step of outputting a despread signal of said 
traffic channel by providing said spread signal of 
said traffic channel with successive delays each of 
an amount of 1/m of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying 
said spread signal and successively delayed spread 
signals of said traffic channel by lap coef icients of 
said traiic channel obtained on the basis of said 
spreading code of said traffic channel, and by sum- 
ming up results of muitiplications to despread said 
spread signal ol said traffic channei; 

a traffic channel phase error compensation 
siepof compensating a received phase of each said 
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irirormaion symcot tn saw information signal 
rvcwaea in saia aespreaa signal ot sau instf c cnan- 
nel on the basis of said rece ved phase of said plot 
symbol cof responding said information symbol; 

a decision stop of deciding information sym- f 
bote whose phases have been compensated; and 

a step of calculating said tap coefficients that 
will minimize a mean square error of differences 
between said information symbols whose phases 
have been compensated snd information symbote 10 
which have been decided. 

40. The CDMA transmission method as claimed In claim 
3?, characterized in that a demodulation method of 
a receiver of said mobile stations comprises: is 

a step of outputs ng a despread signal of said 
pilot channel by providing ssid spread signal of said 
pilot channel with successive delays each of an 
amount of 1/m of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying so 
said spread signal and successively delayed spread 
signals of said pilot channel by tap coefficients of 
said pilot channel obtained on the basis of said 
spreading code of said pilot channel, and by sum- 
ming up results of multiplications to despread said 85 
spread signal of said pilot channel; 

a phase error estimating/averaging step of 
estimating received phases of individual received 
pilot symbols of a received pilot signal included in 
said despread signal of said pilot channel by com- so 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and of 
obtaining differences between said received pilot 
symbols and an average signal obtained by averag- 
ing said received phases of sad received pilot sym- as 
bols; 

a step of outputtng a despread signal of said 

traffic channel by providing said spread signal of 
said traffic channel with successive delays each of 
an amount of 1 /m of a chip interval of said spreading *c 
codes, where m is a positive Integer, by multiplying 
said spread signal and successively delayed spread 
signals of said traffic channel by tap coefficients of 
saw tranc cnannei ootaineo on me oasis ot saio 
spreading code of said traffic channel, and by sum- *s 
rntng up results of multiplication to despread said 
spread signal of said traffic channel; 

a traffic channel phase error compensation 
step of compensating a received phase of each said 
information symbol in said information signal so 
included in said despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; 

a decision step of deciding information sym- 
bols whose phases have been compensated; and ss 

a step of calculating said tap coefficients that 
will minimize a mean square error of differences 
between said information symbols whose phases 



have been compensated and information symbols 
which have been decided. 

Mi. The C DM A transmission method as claimed in claim 
37, characterized in that a demodulation method of 
a receiver of said mobile stations comprises tor each 
path of said muitipaths: 

a step oi oulputting a despread signal of said 
pilot channel by providing said spread signal of said 
pilot channel with successive delays each of an 
amount of l/m of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying 
said spread signal and successively delayed spread 
signals of said pilot channel by tap coefficients of 
said pilot channel obtained on the basis of said 
spreading code of said pilot channel, and by sum- 
ming up results of multiplications to despread said 
spread signal of said pilot channel; 

a phase error estimating/averaging step of 
estimating received phases of individual received 
pilot symbols of a received pilot signal Included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal 
of a known pattern of said pilot channel, and of 
obtaining phase differences between said received 
pilot symbols and an average signal obtained by 
averaging said received phases of said received 
pilot symbols; 

a step of calculating said tap coefficients of 
said pilot channel, which will minimize a mean 
square error of said phase differences between said 
received pilot symbols and said average signal; 

a step of oulputting a despread signal of said 
traffic channel by providing said spread signal of 
said traiic channel with successive delays each of 
an amount of 1/m of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying 
said spread signal and successively delayed spread 
signals of said traffic channel by tap coefficients of 
said traffic channel obtained on the basis of said 
spreading code of said traffic channel, and by sum- 
ming up results of multiplications to despread said 
spread signal of said traffic channel; 

a traffic channel phase error compensation 
step of compensating a received phase of each said 
information symbol in said information signal 
included in sad despread signal of said traffic chan- 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; 

a RAKE combining step of RAKE combining 
satdpilot signal and said information symbols whose 
phases have been compensated, by multiplying for 
each path of said muitipaths said pilot signal and 
said information symbols by weighting factors; 

a decision step of deciding a RAKE combined 
signal; and 

a step of calculating said tap coefficients that 
will minimize mean square error of differences 
between an output of said traffic channel phase error 
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compensation step of said each path and one of sig- 
nals obtained by sharing in tsrms of power an output 



of said decision stiff in accordance with said weight- 
ing factors of said RAKE combining. 



of said decision step in accordance with said weight- 
ing (actors of said RAKE combining. 



42. The C D MA transmission system as earned in claim 
d, cnaracren zeo tn tnsi a aerTKXXJtatiori rTemoc or 

a receiver of said mobile stations comprises far each 

path of said multipatbs: 

a step of outputting a descraad signal of said » 

pilot channel by providing said spread signal of said 
pilot channel with successive delays each of an 
amount of 1/m of a chip interval of said spreading 
codes, where m is a positive integer, by multiplying 

said spread signal and successively delayed spread is 
signals of said pilot channel by tap coefficients of 
said pilot channel obtained on the basis of said 
spreading code of said pilot channel, and by sum- 
ming up results of multiplications to despread said 
spread signal of said pilot channel; » 

a phase error estimating/averaging step of 
estimating received phases of individual received 
pilot symbols of a received pilot signal included in 
said despread signal of said pilot channel by com- 
paring said received pilot signal with said pilot signal ss 
of a known pattern of said pilot channel, and of 
obtaining differences between said received plot 
symbols and an average signal obtained by averag- 
ing said received phases of said received pilot sym- 

a step of outputting a despread signal of said 

traffic channel by providing said spread signal of 
said traffic channel with successive delays each of 
an amount of 1/m of a chip interval of said spreading 
codes, whore m is a positive integer, by multiplying m 
said spread signal and successively delayed spread 
signals of said traffic channel by tap coefficients of 
saio tratric cnannsi ootainecj on trie oasis ot saio 
spreading code of said traffic channel, and by sum- 
ming up results of multiplications to despread said « 
spread signal of said traffic channel; 

a traffic channel phase error compensation 
step of compensating a received phase of each said 
information symbol in said information signal 
included in said despread signal of said traffic chan- 4s 
nel on the basis of said received phase of said pilot 
symbol corresponding said information symbol; 

a RAKE combining step of RAKE combining 
said pilot signal and said information symbols whose 
phases have been compensated, by multiplying for so 
eacn pain ot saio mtjiiipatris said pilot signal anc 
said information symbols by weighting factors; 

adecision step of deciding a RAKE combined 
signal; and 

a step of calculating said tap coefficients that ss 
will minimize mean square error of differences 
between an output of said traffic channel phase error 
compensation step of said each path and one of sig- 
nals obtained by sharing in terms of power an output 
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